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PEEFACE 

TO 

THE SIXTH EDITION 



In the slxth edition a few brief Notes on Comimrative 
Osteology have been added, with the object of facilitating the in- 
telligent study of the human skeleton ; and these have been made 
practically illustrative by reference to specirftens in the Museum 
of the Royal College of Surgeons. 

Several of the Plates have been re-drawn. 

The order in which the Bones were described in previous 
Editions has been slightly altered; and it is hoped that the 
arrangement in the j^reseht edition will be found more systematic 
and convenient. 

The Author has been assisted by Mr. James Shuter, late 
Demonstrator of Practical Physiology, and Assistant Demonstrator 
of Anatomy, at St. Bartholomew's Hospital. 

January 1882. 



PREFACE 

TO 

THE FIFTH EDITION 



Ix prewiring the present Edition the Author has been assisted 
by Mr. Alban Doran, late Anatomical Assistant to the Museum 
of the Koyal College of Surgeons of England. 

In revising the Attachments of Muscles, note has been taken 
of the highly instructive dissections, — made by Mr. W. Pearson 
in the work-rooms of the College, — which are now in the Physio- 
logical Series of the Museum. 

Most of the Plates have been re-drawn. Numerous woodcuts 
have been added, in illustration of the Development of Bone — for 
which, as well as for other collateral work, the author is indebted 
to Mr. James Shuter, Assistant Demonstrator of Anatomy at 
St. Bartholomew's Hospital. 

Grateful acknowledgments are due to Professor Flo\^'ER, 
F.R.S. and to the Demonstrators of St Bartholomew's Hospital, 
for valuable suggestions in special details. 

September 1878. 
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HUMAN OSTEOLOGY, 



-•o*- 



Zmportanoe and Interest of Osteolon^. — ^A^lioever would 
become a good anatomist and a skilful surgeon must make him- 
self master of Himian Osteology. It must be, not only his first, 
but his principal and constant study. He cannot understand his 
dissections without continually referring to the skeleton. Nor 
can he fail to be interested from the first in the science, if in 
studying each bone he will compare it with the corresponding 
bone in his own body, in order that he may become familiar with 
what he can feel of it in the living subject. He will thus see in 
osteology, not death, but life. In discovering and reducing the 
simplest dislocation, how important it is to have a competent 
knowledge of the feel of the bony parts and their relations to one 
another ! A little progress will convince him that, far from being 
dry, osteology is attractive, not only as conducive to professional 
success, but for its own sake. Undertaken in a right spirit, the 
study of it becomes, with many, a favourite pursuit, and creates 
a natural longing to know something of the skeleton of the lower 
animals, that we may the better judge of the advantageous con- 
struction of our own; for it is only by comparison that we can 
judge. When the great truth unfolds itself, that our own struc- 
ture appears to be but a modification of the *one common 
pattern ' upon which all vertebrate animals are formed, we cannot 
but feel with the philosophic poet, that — 

'Tifl the sublime of man, 

Our noontide majesty, to know ourselves 

Parts and proportions of a wondrous whole. 

COLSBIDai. 
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2 COMPOSITION OF BONE. 

Uses of the Bones. — ^The bones form the framework which 
supports the soft parts of the body. All the bones, either 
separately or in conj miction with others, form levers upon which 
the attached muscles act and give rise to our various movements. 
Take a few examples. If the biceps muscle contracts the forearm 
becomes flexed ; this shows that the radius is a lever (see fig. 61). 
It will likewise be seen that the other bones are levers, as the 
lower jaw in opening and shutting the mouth; the skull as a 
whole in nodding the head ; the vertebrae in balancing and flex- 
ing the trunk; the pelvis as a whole (see fig. 29); the ribs when 
raised and depressed in respiration ; the clavicle in shrugging or 
depressing the shoulders ; the scapula and the humerus in raising 
the arm; the ulna and the radius in flexing or extending the 
forearm; the carpus and metacarpus as a whole in the move- 
ments of the wrist joint; the phalanges in the actions of the fingers. 
In like manner the bones of the lower extremities are levers, 
which, when acted upon by the various muscles attached to them, 
give rise to locomotion. 

The bones contribute to the formation of the joints, which 
admit of more or less movement, depending in direction and 
extent upon the shape of the articular surfaces and the attach- 
ments of the muscles. Besides this, the bones of the head and 
trunk lodge and protect delicate organs ; thus, in the skull and 
spinal canal we find, respectively, the brain and spinal cord ; in the 
orbits are the eyes ; in the temporal bone are the internal parts 
of the ear ; and in the bony framework of the chest are the heart 
and lungs, which, as well as the upper abdominal viscera, it protects. 

The fact that the long bones are curved in their long axes 
increases their elasticity, gives them some amount of spring 
similar to that of a bow, and helps to diminish shocks. 

Composition of Bone. — Bone is composed of a basis of 
animal matter impregnated with earthy salts. The analysis is 
easily made. If a bone be boiled in water for a few hours it loses 
its elasticity and its animal matter. The animal matter is found 
in solution in the water and is called jelly or * gelatin.' The 
residual bone is white and brittle, and consists only of earthy 
salts. A like result may be obtained by burning or calcining the 
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bone: it first becomes black from the charring of the animal 
matter and then white, the animal matter having been completely 
burnt oflF and nothing left but the * earthy salts.' If, on the other 
hand, a bone be soaked for a few days in a solution of hydrochloric 
acid (about one part of the dilute acid to six of distilled water), it 
loses its earthy salts, becomes soft, and may be bent in any direc- 
tion. Bones are used in making soup for the gelatin they yield 
on boiling. Notwithstanding their antiquity, fossil bones are 
found to contain nearly as much animal matter as recent bones. 
Gimbemat made soup from the gelatin of the mastodon's tooth, 
as Dr. Buckland afterwards did from the fossil bones of the hysena. 

Animal and Bartliy Kattor. — From the above experi- 
ments bone is found to contain about one-third of animal matter, 
the rest being earthy salts, i.e. about 33 of animal matter and 67 
of earthy salts in a hundred parts. Bones of children are softer, 
more elastic and less likely to be broken by slight injuries than 
those of the aged. This is due to the sponginess and great vas- 
cularity of children's bones, as well as to the fact that in them 
the shafts of the bones are united to the epiphyses by a layer of 
cartilage. Bone when pure, i.e. when entirely divested of fat or 
marrow and blood-vessels, is probably a definite compound of con- 
stantly the same composition, whether it be from a child or from 
an old person, but it varies in compactness and arrangement, and 
on these variations the differences in the strength and elasticity 
of bones depend.^ 

The following is a percentage analysis of adult human 
bone : — ^ 



Animal matter 



Earthy salts 



Tribasic phosphate of calcium 
Carbonate of calcium, Ca C O3 
Fluoride of calcium, Ca F^ 
Phosphate of magnesium 
^ Soda and chloride of sodium . 



33-30 

51-04 

11-30 

2-00 

1-16 

1-20 



' For this and other references see the end of the hook. 



100-00 



B 2 



4 OOXPOSmOK OF BONE. 

HiolMty Bones. — In the disease of early life called ^ rickets,' 
in which the bones grow bent and distorted, from deficiency of 
earthy matter, the proportions of animal and earthy matter have 
been found to be — ' 

Animal matter .... 79*75 per cent. 
Earthy matter .... 20*25 „ 

Of all animals, the bones of birds (especially of the predaceons 
kind) contain the largest proportion of earthy matter. Hence 
their great compactness and white colour. The bones of mammalia 
come next ; then those of reptiles ; and last of all those of fishes. 

As in the birds of prey, so in the camivora, the bones have a 
hard and compact structure.' The tympanic bone of the whale is 
extremely hard ; but the skeleton most remarkable for hardness 
and weight is that of the manatee, which may be seen in the 
Osteological Series of the Royal College of Surgeons of England* 
When the late articulator to the College was taken to task for 
having charged the enormous sum of £15 (instead of about £5) 
for articulating the manatee, he pleaded, in justification, that the 
bones were so hard that it had taken him unusual labour to put 
them together, and had spoilt many of his tools. The truth of 
this assertion is at once clear to any one who takes in his hand the 
weighty rib of a manatee. (See sections of ribs. No. 2,653).* 

Phosphate of bime i its Zmportanoe. — Of the earthy in- 
gredients of bone the phosphate of lime holds by far the first 
rank ; hence it is commonly called * bone earth.' Adult bone con- 
tains 51 per cent, of it, and about 11 per cent, of the carbonate of 
lime. Carbonate of lime is the principal ingredient in the harden- 
ing of shells. The phosphate of lime forms a harder compound 
with animal matter than the carbonate. What can be harder than 
the enamel of the teeth ? And this consists of a very large pro- 
portion of phosphate of lime combined with animal matter. 
There is only 2 per cent, of animal matter in the enamel, and 
of the remaining 98 parts, 88^ consist of phosphate of lime. 

Phosphate of lime enters not only as the principal earthy 

* Throughout the work the numhers refer to specimens in the Osteological Series 
in the Museum of the Bojal College of Surgeons of England, unless otherwise stated. 
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ingredient into the composition of bone, but is contained, move 
or less, in nearly all the tissues of the body. Of all inorganic 
materials it appears to be the most essential both for vegetable 
and animal life. Therefore it is not only a most important article 
of diet, but a necessary manure. ^ Those parts of plants which 
experience has taught us to be the most nutritious, contain 
the largest proportion of the phosphates — such as bread-corn, 
peas, beans, and lentils.'^ It has been ascertained by experiment, 
that if animals have their entire supply of phosphate of hme cut 
oflF, after some weeks of illness, they are attacked with diarrhoea, 
which soon kills them. Their bones are found to be very soft ; 
and it is not unlikely that the phosphates are absorbed from their 
bones and supplied to other structures, such as the nerves and 
muscles. 

It is the quantity of phosphate of lime in the bones which 
makes them so valuable as manure. The bones are boiled to obtain 
the gelatin or glue ; afterwards they are crushed in a mill, and, as 
* bone dust,' form an extensive article of commerce. 

StrenflTtb of Bone. — The strength of bone, contrasted with 
other substances, is remarkable. The following materials stand 
in point of strength to each other thus : — 

Pine freestone, as . . . . .1*0 

Lead 6-5 

Elm and ash ..... 8*5 
Box, yew, oak . . . . . 1 1 "0 
Bone 22-0 

Hence bone is twice as strong as oak. A cubic inch of bone 
will support 5,000 lbs. weight.* Besides this, we shall presently 
see that bone is so constructed that it gives great strength 
with but little expenditure of materials. The specific gravity of 
bone is from 1*87 to 1'97. 

Slasticdty of Bone. — ^In consequence of the animal matter 
they contain, bones possess a certain amount of elasticity. If 
a skull be thrown upon the ground, it will rebound. The 
degree of elasticity varies in different bones, according to their 
form and texture. The clavicle, for instance, owing to its curved 
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form, is remarkably elastic — a property which enables it to break 
the shock of a fall upon the hand. If one end of a clavicle be 
placed at a right angle against a hard substance, and the other 
end struck smartly with a hammer, the bone will rebound to a 
distance of nearly two feet. The ribs, too, are exceedingly elastic. 
The Arab children are said to make excellent bows with the ribs 
of camels. Perhaps the best instance of elasticity in bone is the 
clavicle (merry-thought) of the bird. It acts as a spring, and 
restores the base of the wings to their proper position after the 
action of the muscles of flight. All the long bones are more or 
less curved, which gives them the benefit of elasticity. 

OlasBifloation of Bones. — Though the bones present every 
variety of form and size, yet, for convenience of description, ana- 
tomists divide them into three classes: — 1. The long and round ; 
2. The broad and flat; 3. The short and cubical, or irregular. 
The long and round form the great levers of the limbs, and are 
moved by muscles. The broad and flat are found chiefly in the 
skull and pelvis, and protect the viscera. The short and irregular 
allow more limited motion combined with great strength, as the 
bones of the spine, the carpal and tarsal bones. 

ITomenolatiire. — In describing the different parts of a bone, 
we use terms — Latin, Greek, or English — ^which denote either 
the form of the part, or its jEEincied resemblance to some natural 
object, or the purpose it serves. We soon become familiar with 
such terms as * eminences,' ' depressions,' * processes,' * tuberosities,' 
* spines,' * foramina,' * notches,' * canals,' * sinus,' * fossa;,' * trochan- 
ters,' * condyles,' etc. Again, there are parts of bones named after 
some celebrated anatomist, who first described them : for instance, 
the * aqueduct of Fallopius,' *the antrum of Highmore,' *the 
fissure of Glaser,' the * canal of Vidius.' These memorials of 
anatomists, though interesting to historians, are rather encum- 
bering to anatomical nomenclature, and are therefore very much 
to be [deprecated. 

Stmoture of Bone i Waked ^je, — ^Let us examine, first, 
the structure of bone, as it can be seen with the naked eye; 
afterwards, its minute structure with the microscope. Lastly, we 
will study the development and growth of bone. 
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The best way to obtain a rough idea of the structure of bone is 
to make a vertical section through one of the long bones — say the 
femur — ^all the way down (Plate I.). We then see that the outer 
part, or * wall,' of the bone is compact like ivory ; the interior is 
hollow, forming the * medullary canal,' or cavity containing the 
marrow. The ends, which expand to form the joints, are com- 
posed of a beautiful network of plates and tubes of bone, form- 
ing what is called * cancellous or spongy tissue,' which in the recent 
state is also filled with marrow. 

Shaft of Bone hollow. — ^W^hat are the advantages of bones 
being hollow? The amount of material being the same, a hollow 
cylinder is much stronger than a solid one. It is proved that 
the crushing pressures of two cylinders of equal weight and 
length, of which one is hollow and the other solid, are, re- 
spectively, as the diameters of their transverse sections; pro- 
vided always that the diameter of the tube be within certain 
dimensions. Thus, let a b, c d p,^, j yia. 2. 

(figs. 1 and 2) represent the sec- 
tions of two cylinders; then the 
strength of the tube c cZ is to that 
of the solid a 6 as the line dels 
to the line a b.^ 

In some animals which seldom 
or never leave the water, the bones 

have no medullary cavities, but are completely filled by cancel- 
lous tissue. This is the case in the penguins (Nos. 1138 to 
1140), the whales, and amphibia, whose solid bones appear to act 
as ballast. 

In the early part of the seventeenth century, Galileo observed 
in nature a variety of instances in which the strength of bodies 
was made very great consistently with lightness by the arrange- 
ment of their structure. This most profound philosopher, when 
{ux^used of atheistical opinions, and interrogated before the Inqui- 
sition as to his belief in a Supreme Being, picked up a straw firom 
the floor of his prison, and replied, * If there were nothing else in 
nature to teach me the existence of a Deity, even this straw would 
be sufficient.' 
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Air 0«lls In Sona. — Strength and lightneBB are thas com- 
bined in the econom; of bones. This principle i8 carried to the 
extreme in the bones of birds, which aie filled with air iiutead 
of marrow. There is a communicatjon between the lungfe and 
the cavitiea in the bones of birds (Nos. 1107-8); and the air 
which fills the bones being warm, renders them still lighter. The 
extent to which air is admitted into the bones of birds is generally 
in proportion to their powers of flight. The ostrich (No. 1114), 
which never flies, has air only in the bones of his legs. The great 
beak of the hombill forms one large air cell (No. 1492) ; even the 
thin columns of the cancellous tissue in the interior are hollow 
and filled with air. In this bird, as well ae in the toucan, every 
bone of the skeleton, down to the little bones of the claws, is filled 
with air. In the little ' apteryx ' of New Zealand, which has no 
available wings, and in the penguin, which rarely leaves the water, 
no bones of the skeleton except those of the skull receive air. In 
the bones of the chick there are no medullary cavities ; as the bird 
grows its bones become hollowed out, and filled with marrow, which 
is subsequently, in the mature bird, removed and replaced by warm 
air. In mammalia there are no air cells except in the bones of 
the head. There are large air cells (sinnses) in the frontal, 
sphenoid, ethmoid, palate, maxillary and mastoid bones in man, 

Sone dtvlatble Into Kayers. — ^Although the compact tissue 
of bone seems hard and solid as stone, yet it is made up of layers 
placed BO close together, that there is no appuent interval between 
Fio. 3. them. Towards the articular ends (Plate 

I. fig. 3), the layers gradually separate to 
form the cancellous tissue, and the compact 
tissue becomes thinner in proportion. In 
bones long weather-beaten in a church- 
yard, these layers may be peeled off one 
after another; or if the earthy matter 
be removed by acid, the animal matter 
admits of being stripped off like ao many leaves. It is essential 
to bear in mind this lamellar structure of bone, because it explains 
what is observed in cases of inflammation of bone — namely, 
that the enlargement of the blood-vessels together with the in- 
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flammatory deposit separates the layers from each other, and 
thus causes the bone to expand and be perceptibly increased in 
diameter, as seen in the adjoining wood-cut (fig. 3), taken from 
a preparation in the museum of St. Bartholomew's Hospital. 

Oanoelloiift Tissaei Arrangrement. — The cancellous tissue 
occupies the interior of bones, and chiefly the articular ends. It 
is formed by the separation of the component layers of the bone, 
and these are connected by cross plates and fine tul)es, which 
form a kind of lattice-work with a most delicate and elegant 
arrangement. The cancellous architecture of bones is arranged 
upon this principle : — ^its columns always run along the lines of 
greatest pressure, thus combining the greatest strength and 
elasticity with lightness. A beautiful example of this is seen in 
the section of the cancellous tissue of the thigh-bone (Plate I.). 
At the lower part, towards the knee, the layers run vertically — 
that is, in the direction of the axis of the shaft, this being the line 
of pressure when the body is erect. But in the neck of the thigh- 
bone the layers are arranged in decussating ciurves like Gothic 
arches, one within the other, and sustain with the greatest 
mechanical advantage the weight transmitted on to the heads of 
the thigh-bones. (Norm. Hum. Ost., Nos. 211 to 222.) 

Oanoelloos Tlasnei Properties. — ^Though so light and 
spongy, the cancellous tissue is able to support a great weight 
without giving way. We may form some idea of its strength 
from the following experiment : ^ — A cubic inch of cancellous tex- 
ture was taken from the lower end of the femur, and placed with 
its principal layers upright. Four cwt. was then placed upon it, 
hut it did not give way in the least. Six cwt. made it sink half 
an inch. Yet the cubic inch of bone itself did not weigh more 
than 54 grains. Not only is cancellous tissue strong as well as 
light, but it possesses another advantage — that of diminishing 
shocks. When a ball of ivory strikes another, as in the game 
of billiards, the whole force of the shock is transmitted from one 
to the other ; but let a ball made of the cancellous tissue be inter- 
posed, and then see how the shock will be broken. This property 
of diminishing shocks is of course greater when the bone is in its 
natural state and filled with marrow. 
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The spaces formed by the cancellous tissue vary in size and 
shape, but freely communicate with each other, and with the hole& 
on the surface of the bones. This is easily proved by boring" 
a hole at one end of a bone, and pouring mercury into it : — we 
shall find that the mercury will run out freely through the 
natural holes at the other end. 

Karrowv Tellow.— The interior of the shaft of a long bone 
is filled with yellow marrow ; a substance composed almost en- 
tirely of fet (96 per cent.) ; that is, in bones that are healthy. 
Like all other fet, it is removed in cases of great emaciation — in 
general dropsy, for instance ; and its place is supplied by an albu- 
minous fluid. Hence the bones of a dropsical subject are always 
the least greasy, and the best adapted for skeletons. 

Karrowv Red. — The cancellous tissue of the articular ends 
of long bones, and of the bodies of the vertebrae, the sternum, 
the ribs, and the bones of the cranium, contain another kind 
of marrow of a red colour. This red marrow differs from the 
yellow, in that it contains little or no fat — not more than 1 per 
cent. It consists of 75 per cent, of water and 25 per cent, of 
solid matters, chiefly albumen. It is this kind of marrow which 
is found in all the bones of the foetus, and in infants. Hence 
it is sometimes called foetal marrow. Examined with a high 
magnifying power, it is found to contain a number of oval, many- 
nucleated cells (Plate IV. fig. 9). Cells of this form are found 
in most rapidly growing tumours and are called * myeloid ' cells. 
They form the greater part of the so-called myeloid tmnours.® 

Blood supply of Bones. — At the articular ends of any long 
bone, or on the body of a vertebra, we observe a number of 
holes. Near the lower end of the thigh-bone we might soon 
count as many as 200 or more. What are these holes ? The 
smaller transmit the articular arteries which nourish the vascular 
cancellous tissue. The larger contain veins which run by them- 
selves. These veins of the cancellous tissue are large and numerous. 
They traverse and ramify through this tissue in various directions 
in special canals with thin walls of bone. They are well seen in a 
section through the body of a vertebra (Plate XXV. fig. 7), also in 
the cancellous tissue (termed ' diploe ') of the cranial bones. From 
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a surgical point of view these ' diploic ' veins are interesting, on 
account of their liability to inflame after severe injuries of the 
head : such inflammation may lead to suppuration in the diploe, 
which is often &tal. The adjoining figure (4) shows the large 
venous canals in the * diploe ' of the skull-cap. 

Again, on the outside of the shaft of a long bone there 
are a number of minute Fm. 4. 

grooves, which run for 
the most part parallel to 
the shaft, and lodge 
blood-vessels. At the 
bottom of these grooves 
lie a multitu()e of still 
more minute holes, barely 
visible to the naked eye, 
but easily seen through 
a small pocket - lens. , 
These holes transmit the 
blood-vessels from the 
* periosteum,' or membrane covering the bone, to the compact 
tissue. 

Art«rr of th« Mamnr. — The marrow in the interior of the 
bone is supplied with blood by the 'medullary artery.' This 
artery reaches the marrow through a very distinct canal (canal for 
the nntfient artery of the medulla), which runs obliquely through 
the sh^, near its middle. In a long bone like the femur there 
are generally two of these, situated at the back part. As soon 
as the artery reaches the medullary cavity, it divides into two 
branches, an ascending and a descending, which ramify in and 
supi^y the marrow, and finally communicate with the * articular' 
arteries already described. 

Thus the several parts of a long bone are supplied with blood 
as follows : — The compact wall of the shaft by blood-vessels from 
the periosteitm; the marrow in the interior by a special medullary 
artery ; and the cancellous tissue of the ends by the articular 
arteries. The blood-vessels of these several parts are not exclusive, 
bat oonununicate more or less with each other when the parts of 
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the bone have muted with the Bhaft. Hence they readily recipro- 
cate their morbid actione, and inflammation arising in the one 
part may spread to the other. Xow, although these three ordras 
of blood-veBsela do communicate in the bone, yet we cannot be 
surprieed to find that when a bone i^ broken below the canal ior 
the nutrient artery of the marrow, the lower fragment, bein^ de- 
prived of part of its supply of blood, in some cases becomes atit^ 
phied and thinner." 

Parlo»t«ain t its use.— A fibrous membrane, termed the 
periosteum, invests the bones everywhere except at the insertios 
of strong tendons, and where covered with cartilage. Thia peri- 
osteum consists of two layers, an external 
one, tough and fibrous, and an internal 
one (osteogenetic), soft and cellular, in 
which the blood-vessels break up into 
minute branches before penetrating the 
pores on the surface of the bones. The 
adjoining figure shows the arrangement 
of the blood-vessels of the penosteum. 
The periosteum likewise provides each of 
the vessels entering the bone with a 
fibrous covering. It assists in the forma- 
tion of bone, and afterwards in its nutri- 
tion. If, therefore, the periosteum be 
torn from the surface of a bone, there is 
a risk that a layer of the subjacent bone will lose its vitality and 
be cast off. 

MednUarr Membrane. — The medullary canal and the cells 
(marrow spaces) of the cancellous tissue are lined by an extremely 
delicate membrane, termed the * endosteum.' It is much more 
delicate than the periosteum ; nevertheless, it supports the marrow, 
and provides a stratum for the subdivisions of the medullary 
artery, before they penetrate the contiguous bone. 

Bferree In Bene. — Periosteum and bone unquestionably 
possess nerves. This is proved by absolute demonstration, and 
by disease. Nerves may be traced into some of the minute 
a on the shaft of a long bone, and into the articular ends. 
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A nerve also enters the medullary canal with the nutrient artery 
of the medulla, and divides like the artery into an ascending and 
a descending branch. Of all the bones, the tibia presents the 
largest canal for the nutrient artery of the marrow ; in this bone 
also it is easy to trace the entrance of the nerve with the artery. 
Though bone in health has but little feeling, when diseased it 
becomes highly sensitive. There is such a thing as * neuralgia ' 
of bone. Every surgeon must have witnessed how sensitive are 
granulations from bone. Indeed, it is probable that the severe pain 
attendant on the ulceration of articular cartilage is occasioned by 
the pressure of the cartilage on the bone granulations beneath it. 
Xijmpbatios of Bone. — The lymphatics of bone have been 
actually demonstrated by injecting the lymphatics of the body 
of a vertebra.*® It has been recently proved by injections that 
the blood-vessels of Haversian canals are surrounded by peri- 
vascular lymphatic vessels." This accoimts for the feet that ivory 
p^s introduced into bones, for the purpose of consolidating un- 
united fractures, are in some instances absorbed. 

Microscopic Structure of Bone. 

This is a most interesting and instructive study. It reveals to 
us that bones are as minutely provided with blood-vessels and 
nerves as the softer parts of the body. Being as fully organised 
as other part«, we cannot wonder that they are subject to like 
diseases. We have to investigate how the bones are formed iu 
early life, how they grow to maturity, how their health is main- 
tained, how their injuries are repaired. Would anyone, looking 
at a solid bone, expect to find that even its hardest parts are tun- 
nelled out by a network of minute canals containing blood-vessels ; 
and that from these canals other tubes, infinitely more minute, 
and connected with a series of reservoirs, radiate in all directions 
and convey nutritious fluids ? 

Oeneral Zdeai Baversian Oanals. — Let us first get a 
general idea of the microscopic structure of bone, and go into 
details afterwards. If a transverse section from the shaft of a 
long bone be ground extremely thin, and examined with a power 
of about 20 diameters (Plate II. fig. 5), we see a number of 
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holes, with dark spots grouped around them, in a series elf 
tolerably concentric circles. These holes are sections of the canak 
(termed * Haversian ') *^ which transmit blood-vessels into the sob* 
stance of the bone. The dark spots are minute reservoirs, called 
* lacunae.' They look like solid bodies, but they are cavities and 
are occupied during life by soft * bone corpuscles,' concerning 
which more will be said hereafter. DifiFerent parts of the section 
show that the Haversian canals vary considerably in size and 
shape. They are generally round or oval. Those nearest to the 
circmnference of the bone are very small ; but towards the medul- 
lary cavity they are seen to be larger, and at last open out into 
the cells of the cancellous texture. 

Haversian XiamellsB. — The same section examined with a 
higher power (Plate II. fig. 7) shows that the Haversian canals 
are surrounded by a series of concentric lines, resembling the 
transverse section of the branch of a tree. These lines are termed 
the * lamellae.' They are so many layers or rings of bone that have 
been developed within the Haversian canal. Even the smallest 
Haversian canal was, when originally fonned, a much wider space, 
and circumscribed by only a single layer of bone ; but in process 
of growth the canal becomes gradually contracted by the deposit 
of successive layers of bone. The dark spots, before alluded 
to as the * lacunae,' are situate between the lamellae ; under 
a higher magnifying power (Plate II. fig. 6), they look like in- 
sects. The central part or the lacuna, representing the body of 
the insect, is hollow, and the dark filaments which rim out from it, 
representing the legs, are minut€ tubes termed ' canaliculi.' These 
are exceedingly numerous, and radiate from all parts of the * lacuna,' 
through the lamellae. Now, since the canaliculi of one circle 
of lacunae communicate most freely with those of the next circle, 
and the canaliculi nearest to the Haversian canal open directly into 
it, it follows that by means of this system of radiating tubes a 
complete communication is established between the Haversian 
canal in the centre, and the successive circles of bone which 
surround it. The nutrient material of the bone proceeds from 
the perivascular lymphatics in the central canal, and is trans- 
mitted through the canaliculi from one lacuna to another. 



Fife.a. 




Fi^.6 





KIOfiOSGOPIO STBUOTUBE OF BONE. 15 

Baverslan System. — ^Every Haversian canal taken in con- 
junction with its concentric layers of bone, lacunae, and canaliculi, 
is termed an * Haversian system.' (Plate II. fig. 7.) 

Almost all the compact substance of bone is made np of a 
multitude of these * Haversian systems.' Each system is, to a certain 
extent, independent of its neighbour, since the lacunae of one system 
communicate very sparingly with those of another. In consequence 
of this isolation, we sometimes find, in favourable sections, that 
each system is more or less circumscribed by a tolerably distinct 
white line, which is transparent bone with but few canaliculi. 

Baverslan Zntarspaoes. — As the Haversian systems are 
for the most part circular, and arranged like sticks in a faggot, 
it is clear they cannot touch each other in all parts of their 
circumference; so that here and there triangular portions of 
bone fill up the gaps between them. Such portions are termed 
* Haversian interspaces.' (Plate II. fig. 7.) These * outlying ' por- 
tions of bone are also provided with lacunae and canaliculi, and 
they derive their nourishment from the surrounding Haversian 
systems, of which they are dependencies. 

The section we have hitherto been examining was a transverse 
one. We must now make an equally thin section in the longitu- 
dinal direction of the shaft, and we then have quite a different 
appearance. (Plate II. fig. 4.) We cut in the course of the Haver- 
sian canals, not across them ; and we find that, as a general rule, 
they run parallel to the surface of the bone (no matter whether 
long or flat), and that they communicate very frequently by 
transverse or more or less oblique canals. If the section be large 
enough to include the Haversian canals near the circimiference, 
we find that many open on the outer surface and admit blood- 
vessels from the periosteum ; others, again, open into the medul- 
lary canal, and admit blood-vessels from the interior. In this 
way the Haversian canals permeate the compact substance of the 
bone, and establish a free communication between the blood- 
vessels of the periosteum and those of the medulla. These canals 
may, in fact, be regarded as so many multiplications of siuface 
for the ramifications of blood-vessels, whereby every part of the 
bone substance is brought within the range of nutrition. 
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In this longitudinal section, the lamellse, instead of being 
arranged concentrically, are seen running in lines parallel with 
the Haversian canals to which they belong. 

Bone Tissue. — At this stage of the investigation, a question 
naturally arises — Where is the earthy material, the phosphate 
and carbonate of lime ? To see this, the transverse section 
must be magnified about 1,200 diameters. (Plate II. fig. 6.) 
We then discover that the earthy ingredient consists of an infi- 
nite multitude of minute osseous granules, which are deposited 
in a ' matrix ' or bed of animal matter. This mixture of earthy 
granules and animal matter is called * bone tissue.' It occupies 
all the space between the lacunae and their canaliculi. If the 
specimen were steeped for a time in dilute hydrochloric acid, 
the osseous granules would be dissolved out of it, and the little 
pits in the matrix in which the granules were imbedded would 
become apparent. 

So far we have acquired a general notion of the minute 
structure of bone ; that is to say, of the * Haversian canals,' the 
* lacunae ' and their * canaliculi,' the * lamellae,' and the * osseous 
granules.' We must now speak of these several parts a little more 
in detail ; and first, of the Haversian canals. 

BaTerslan Oanals. — As said before, the Haversian canals 
are timnels in the compact substance of the bone, which contain 
the blood-vessels. Observe, they form no part of the essential 
structure of bone. W^herever bone is so thin as to be able 
to derive its nutrition from the vascular membrane covering 
its surface, we do not find Haversian canals in it, nor does it 
require any. For instance, the delicate plates of bone composing 
cancellous tissue, the paper-like bones in the interior of the nose, 
have no Haversian canals in them; but they have plenty of 
lacunae, which send out their canaliculi to open on the surface 
and imbibe the requisite nutrition. Bone so thin as to need no 
Haversian canals is called * non-vascular ' bone. Such bone lives 
upon the blood which flows through the minute vessels of its 
periosteum. Bone has, therefore, like all other living structures, 
a self-formative power, and draws from the blood the materials 
for its own nutrition. 
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The Havenian canals vary in diameter from -psVe ^ T^ ^ 
an inch, the average being about -g^. The smallest are found 
near the ooter surface, where the bone is the most compact; but 
they gradually become larger towards the interior, where they 
open out into the cancellouB tissue, or into the medullary cavity. 
All, wfaaterer their direction may be, are surrounded by concentric 
lamelUe of bone ; but the number of the lamella varies around 
different canals &om 5 to 15 or more; a smaller number in 
young bone, and a larger in old. All are lined by a very deli- 
cate membrane, continuous with the periosteum. The smallest 
canals contain only a single capillary blood-vessel ; the larger 
contain a network of vessels, while the largest, wMch gradually 
merge into the cancellous tissue, contain marrow as well as 
blood-vessels. 

Here it may be as well to mention a &ct concerning the minute 
structure of bone, which should never be lost sight of. It is this ; — 
that everywhere nndemeath the membrane in contact with the 
surface of bone, whether it be the periosteum covering the exterior, 
the prolongation of it lining the Haversian canals, or the medullary 
membrane (endosteum) lining the cancelli, there is a delicate layer 
of soft connective tissue, with a multitude of small corpuscles 
in it, termed ' oateoblaets.' Now, it has been ascertained that 
these osteoblasts, and the soft tissue in which they are imbedded, 
are mainly concerned in the formation and the growth of the bone ; 
and that by the successive ossification of these tissues, the con- 
centric layers of bone are produced within the Haversian canals. 

SaTaralan Oanals dilated by Xnflammatloii, — The know- 
ledge of the free circulation of blood tia. g, 
through the substance of bone gives us 
the key to some of the effects produced 
by inflammation in it. For example, as 
inflammation in soft parts is attended by 
dilatation of the blood-vessels, so is it in 
the case of bone. When bone is actually 
inflamed, the blood-vessels in the Haversian 
canals become greatly enlarged, and cause 
the canals themselves to become larger by absorption of the bone 
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tissue — so much so as to give the bone, sometimes, a reddish 
colour. In operations where the surgeon has to cut through in- 
flamed bone, one may see the blood flowing from the cut sur&ce 
of the bone, as it would from the soft parts. More than this, the 
distended blood-vessels may occasion not only a gradual enlarge- 
ment of the Haversian canals, but their inflammatory deposit may 
cause even a general swelling of the compact substance of the 
bone and a natural separation of its component layers, so that it 
becomes light and spongy, as seen in the adjoining figure.*' 

Baverslan Oanals obliterated by Inflammation. — On the 
other hand, in some cases, «.(/• in chronic inflammation, we some- 
times find that bones become harder and thicker than natural. 
They may become as hard as ivory, and can take a polish. Here 
the Haversian canals are nearly filled up by successive layers 
of bone. Indurated bone is therefore less vascular than healthy 
bone. A good example of ^ebumation' of bone is occasionally 
seen as the result of chronic osteo-arthritis, where the articular 
ends of bone lose their cartilage and become hard and polished 
like ivory, owing to the blocking up of the Haversian canals by 
osseous tissue. 

XiaennsB and their Contents. — The ^ lacunse ' are the insect- 
like cavities which we find between the lamellae, arranged in 
concentric circles around the Haversian canals. They are charac- 
teristic of true bone, and distinguish it from * calcifications,' some- 
times met with as products of disease. Formerly the lacunae and 
canaliculi, in consequence of their dark colour, were considered 
to be solid ; but later observations have proved them to be hollow 
spaces. Each lacima in the living bone contains a soft nucleated 
substance termed a bone corpuscle, which sends its soft processes 
or * outrunners ' along the canaliculi. The bodies in the lacunae 
and canaliculi circulate nutritious matter through the bone. The 
lacunae and canaliculi can be filled with Canada balsam. It is 
curious that in the bones of Egyptian mimimies these minute 
cavities are filled with the bituminous material. Such a bone 
corpuscle, with its processes highly magnified, is shown in Plate 
III. fig. 5. 

As a rule, the lacunae are oval and flattened, so that one of 
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their broad aides is turned towards the Haversian canal. The 
first ring of lacunae sends some of its canaliculi directly into the 
Haversian canal, while others communicate with the canaliculi of 
the second ring, and so on throughout the whole system. The 
nutrient fluid in the perivascular lymphatics in the Haversian 
canal enters the nearest canaliculi, and then the inhabitants of 
the nearest row of lacunae, and is gradually passed on to all the 
others in the Haversian system. One may say, then, that the 
inhabitants of the lacimae are parts of the machinery of the cir- 
culation and nutrition in the bone. 

Size and Sl&ape. — In man, the lacunae measure about y^Vo 
of an inch in their long diameter, and about j^qT ^ their 
short. It has been shown that they vary in size and shape in 
the four great classes of animals, so that by means of this test 
it can be ascertained with certainty whether a given firagment of 
bone be part of a mammal, a bird, a reptile, or a fish. As this 
test is equally applicable in the case of fossil bones, it has an im- 
portant beariog upon the study of geology. Another interesting 
£em^ is, that the size of the lacunae bears very little relation to the 
size of the animals to which they belong. They are nearly as large 
in the bones of the little lizard as they are in those of the enormous 
extinct lizard, the Iguanodon. But their size does bear an exaxjt 
proportion to that of the blood corpuscles in the several classes 
of animals. Therefore, as amphibia have the largest blood cor- 
puscles, so have they the largest lacunae.** 

Oaaalioalt i Size and Office. — Respecting the ^ canaliculi ' 
(Plate II. fig. 7), observe how exceedingly minute they are; 
that they run off firom all parts of the circumference of the 
lacunae and communicate most freely with the canaliculi of the 
adjoining lacunae. Their diameters range &om ^^^pp of an inch to 
^5^0^ - of an inch ; but there are some even smaller. Soft nucleated 
corpuscles, ^ bone corpuscles,' lie in the lacunae, and have many 
delicate branching processes, by means of which they intercom • 
municate and pass lymph from one to another. These branching 
processes lie in the canaliculi. 

SiamellaD. — The ^ circumferential ' lamellae encircle the shaft 
of the bone (Plate II. fig. 5), and result from the bone growing 
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jected, may then be seen shooting up through the heretofore non- 
vascular layer of bone, into the cartilage on its surfeuie. 

Structure and Varieties of Cartilage. 

Varieties of Oartilag^e. — Cartilage, commonly called 
* gristle,' is tough, flexible, and more or less elastic. There are 
several kinds of it, which have functions varying with their posi- 
tion and structure. It consists of nucleated cells embedded in a 
matrix or intercellular substance. 

BTaline Oartilaflre. — Where the matrix is translucent and 
structureless it is called hyaline cartilage. Nearly the entire 
skeleton of the foetus has this structure at some time or another 
as well as the white cartilage covering the articular ends of 
bones. 

White nbro-iOartilaflre. — The intercellular substance may 
be white and fibrous, then it is called * white fibro-cartilage.* 
This variety is but slightly elastic, and the cells are small and 
scattered (Plate II. fig. 1). The intervertebral substance consists 
mainly of this variety as well as the interarticular fibro-cartilages. 

Tellow nbro-Oartilag'e.— The gristle of the ear, epi- 
glottis, and the Eustachian tube is of a yellow colour, is very 
elastic, and its intercellular substance consists of long interlacing 
wavy fibres. It is therefore named * yellow fibro-cartilage.' The 
cells in this variety are large and arranged in fusiform rows, 
each row containing firom 4 to 6 cells. 

OellQlar^Oartilaire- — As early as the fourth week of foetal 
life, when the embryo is but J of an inch long, the principal part 
of the skeleton is mapped out by the formation of firm masses of 
cells called * cellular ' cartilage. (Plate II. fig. 3.) 

Oartilaginons Skeleton. — ^A week later an intercellular 
substance has developed in this cellular cartilage, converting it 
into * hyaline' cartilage, and giving it greater solidity. Thus, 
the whole foetal skeleton, with the exception of the skull-cap and 
the bones of the face, consists at one time of hyaline cartilage. 

At the fifth week bony substance begins to be deposited in 
the middle of the clavicle ; at the sixth week in the lower jaw ; 
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and by the seventh week, when the fcetus is about an inch long 
(Norm. Hum. Ost., No. 1), a small deposit of bone has made its 
appearance in the middle of nearly every bone in the body. The 
points at which the bony deposit commences in a bone are called 
its ' centres of ossification.' It will therefore be understood that 
the deposition of bone does not take place at the same time 
in all parts of the cartilage, but only about these 'centres of 
ossification.' 

MeaainiT of Centres of Ossification. — Every bone has a 
definite number of these centres, which always appear in the 
same place; and firom these centres the ossification extends 
according to a regular plan. The nxmiber of centres varies in 
different bones. Some bones have only a single centre ; others 
two, three, five, seven, etc. ; and the bone called the * sacrum ' 
has as many as thirty-three centres firom which its ossification is 
completed. 

Observe, the centres of any given bone do not all appear at 
once ; some appear before birth, others after it, but all in regular 
succession, and at stated periods, according to the degree of 
importance of the bone, and the function which it has to perform; 
e.g. the lower jaw and the ribs ossify early, because suction and 
respiration are brought into play at birth. As a general rule, each 
centre appears first in the middle of the cartilage; and thence the 
ossification extends towards the circumference in the flat bones^ 
and towards the extremities in the long bones. Almost all the 
bones, then, in in£Emcy and childhood are made up of so many 
distinct bony pieces united together by cartilage; and these 
several pieces remain distinct imtil the stature of the individual 
is complete, after which they are all consolidated. 

Periohondrinm. — All kinds of cartilage, with the exception of 
that which covers the ends of the bone (articular cartilage), are 
invested with a white fibrous membrane, termed * perichondrium.' 
This, like the periosteum of the bones, contains plexuses of blood- 
vessels ramifying all over the cartilage. 

Cartilage contains no blood-vessels. But when diseased, it has 
been proved by injection that blood-vessels do shoot into the 
cartilage through the layer of articular bone beneath it.** 
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Oa«ifioati<m of Femur. — As an example of whsJb oan be seen 
of the process of ossification with the naked eye, let us follow out 
that of the thigh-bone (Plate IV. figs. 1 to 6). The {hture bcme 
is at first sketched out in hyaline cartilage. About the seventh 
week after conception, the first centre of ossification ajqsears in 
the middle of the shaft — as is the case in all the long bones 
(fig. 1). From this point ossification gradually extends up and 
down the shaft, which is all ossified before the other oentres 
appear. About the last month of foetal life, a second centre 
appears in the lower end, which forms the knee (fig. 3). About 
the end of the first year after birth, a third centre appears at 
the upper end or head of the bone (fig. 4). In the course of the 
fourth year, a fourth centre appears in the projection termed the 
* trochanter major ' (fig. 5). In the course of the fqrurteenth or 
fifteenth year a fifth and last centre appears in the * trochanter 
minor ' (fig. 6). 

* Diapbysis ' and * Bpipbriis/— Thus, then, the thigh-bone 
has five centres of ossification. The shaft or body of the bdne, 
which ossifies first, is called the * diaphysis ; ' the other parts are 
termed * epiphyses.' As these epiphyses, during the period of 
growth, are only united to the shaft by a layer of icartilage, the 
separation of an epiphysis by violence is not an unfirequent 
accident in childhood. When growth is complete, all the epiphyses 
are consolidated with the rest of the bone, and no cartilage remains 
except at the articular surfaces, where there is a thin layer of it 
which breaks the shocks at the joints. An * epiphysis,' therefore, 
is a portion of bone growing upcni another, but separated firom it 
by cartilage. 

Order of Italon of Bpiphjsea to Sbalt.— It is worth ob- 
serving, in the long bones, that the epiphyses of that end towards 
which the canal for the medullary artery runs, are the last to 
conmience to ossify. 

It is a curious fact, also, that the order in which the epiphyses 
unite to the shaft of a bone is just the reverse of that in 
which they begin to ossify. Thus, the epiphysis of the trochanter 
minor, though ossifying last, unites first. The same may be said 
of the trochanter major, of the head of the femur, and, lastly, of 
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the lower end. At the age of twenty-one, or near it, they have 
all united to form a single bone. The fibula is the only ex- 
ception to the above rules, its lower epiphysis ossifying first and 
uniting first to the shaft. 

In Sauropsida,the place of the epiphyses is taken by thick pads 
of cartilage, which gradually ossify firom the shafts. These are, 
therefore, not true epiphyses. Birds, however, have a centre 
of ossification which appears in the upper projection of cartilage 
on the tibia. This may be seen in the leg of a common fowl. 

AdTaata^es of neToral Centres. — ^The fact that bones are 
•developed fi-om several ossific centres, separated by layers of 
cartilage, is advantageous to the growing animal. For example, 
it is necessary to have the shaft of a bone ossified to sup- 
port weight, while other parts remain cartilage and diminish 
concussion, thus acting as buffers. ^ The young lamb or foal,' to 
use the words of Professor Owen, ^ can stand on its four legs as 
soon as it is bom ; it lifts its body well above the ground, and 
•quickly begins to run and bound. The shock to the limbs them- 
selves is broken and diminished at this tender age by the division of 
the supporting long bones — by the interposition of the cushions of 
•cartilage between the diaphyses and the epiphyses.' 

We see, moreover, a definite use in separate centres of ossifi- 
•cation for the bones of the head, not only as facilitating growth, 
but also the process of birth. The bones of the skull-cap, being 
<;onnected only by membrane, overlap each other a little during 
parturition, and thus a large head is admitted through a compara- 
tively small pelvis. 

Bones developed in HKembrane. — ^Most of the bones in 
the human body pre-exist in the shape of cartilage, and form 
what is called the * cartilaginous skeleton,' which supports the 
embryo. But there are some bones which do not pre-exist as 
cartilage, and are formed directly in membrane, namely, the bones 
of the skull-cap (the firontal bone, the parietal, the upper half 
of the occipital, the squamous and tympanic parts of the temporal) ; 
also, the bones of the face ; and lastly, the inner plate of the 
pterygoid process of the sphenoid. In short, none of the bones 
of the skull pre-exist as cartilage, except those which form the base 
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of the skull. The base is sketched out in cartilage at a very early 
period of foetal life, and forms a support to the young brain. The cap 
of the skull, at the time we are speaking of, is simply membranous. 

Oflsifioatlon in HKembrane. — We will examine first what 
can be seen of the formation of bone in membrane with the 
naked eye, taking the parietal bone as an example. In the 
early embryo (Norm. Hum. Ost., Nos. I to 43) the covering 
of the brain is composed of two closely united membranes 
— an outer, termed the 'pericranium'; and an inner, termed 
the * dura mater ' : between these the bone is laid down. About 
the end of the second month after conception, a centre of ossifi- 
cation appears in the middle of the space which is to be occupied 
by the parietal bone. From this point the deposition of bone 
spreads in radiating fibres (Plate IV. fig. 7). Similar centres of 
ossification appear simultaneously in other parts of the soft cover- 
ing of the brain, and, radiating in the same manner, sketch out 
the rudiments of the several bones of the skull-cap. For some 
time the individual bones are connected simply by membrane ; 
and even at birth they can overlap each other a little, and so 
fisu^ilitate parturition. Long after birth, indeed, there are parts of 
the skull-cap closed in by membrane only, as everyone knows who 
has felt the head of an in&nt (Plate XVIII. fig. 4). These 
unossified parts are called the ' fontanelles,' from the visible pul« 
sations of the brain beneath them, like the welling up of a spring. 
As the child grows, the rays from the edges of the bones meet and 
dovetail so as to form what are called the * sutures ' (Plate XVIII. 
fig. 2). For a long period of life the sutures may be separated ; 
indeed, a thin film of animal matter is left unossified between the 
interlocking teeth of the bone, which considerably diminishes the 
shock to the brain from a blow on the cranium. As old age creeps 
on, even this film of animal matter ossifies, and the cap of the 
skull becomes a solid dome of bone, with all trace of the sutures 
lost. 

]IKior«HK)opio Bzamlnatlon. — Let us now study what can be 
learned with the microscope of the process of ossification in mem- 
brane, taking that of the parietal bone as an example. 

The membrane or animal basis to be ossified is composed of 
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fibres like those of common connective tiBSUe. The fibres inter- 
lace freely and the meshes between them are filled with blood- 
vessels and closely packed granular corpuscles termed ' osteo- 
blasts.' These are all the materials required for bone building. 

Oltu^rfl* In U>« M^mbnuw. — ^The centre of ossification ie 
at the (future) parietal eminence. Just before the appearance 
of the bone salts, the menibnine becomes thicker and more vas- 
cular. Its component fibres radiate in thicker bundles from the 
centre towards the circumference, sketching in advance the lines 
in which the bone is to be laid. Meantime the ' osteoblasts ' have 
enormously multiplied. 

OsteoUMtfti thalr rtmotloii.— The 'osteoblasts' (bone 
buds or germs) are granular nucleated corpuscles about the size of 
the colourless corpuscles of the blood. They are so named because 
they and their descendants appear to take most important parts 
in the actual formation of bone. It is ^^^ „ 

probable that they are not all destined 
to a like future. But one of their chief 
fonctions appears to be to abstract &om 
the blood the bone aaita, to deposit 
them in and around the fibres of the 
membrane, and to become themselves 
ossified, and buried in the hbric of the 
bone, as the bricks of a building are in 
the mortar. 

From the centre of ossification the ' 
deposit of bone shoots out in needle- ^// 
like rays (trabecnlse) towards tbe cir- 
cumference, as shown in the annexed 
wood-cut (fig. 8). Under a high power ' 
the rays of bone can be seen covered 
with layers of osteoblasts, which suc- 
cessively ossify, and thus the trabeculse 
grow in thickness. The best place to 
study the process is at the points of the rays where the mem- 
brane is more or less transparent. The dark rays may be seen 
lying amongst the crowd of osteoblasts, and some of the osteo- 
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blasts iD various stages of oesificatioii npon tbe rays. We may 
thos infer how the bone ^rows in extent. 

To see how the bone grows in thickness, a section should be 
made across the rays where they are a little thicker. Such a 
section (6g. 9) shows that the rays become connected by does 
Fta. s. 
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arches, and thus form channels in which the blood-vesseb and 
bone-building materials lie. These channels are the Haversian 
canals. Some of them remain as cancellous tissne ; others are 
gradoally filled by the ossification of concentric layers of osteo- 
blasts and become Haversian systems. (Plate IV. tig. 8.) 

Bona CoiimMiI«*i Orl^lit. — The interesting but difficult 
question as to the origin of the bone corpuscles and their connecting 
processes has been for many years under discussion. But the now 
generally accepted doctrine is, that they are developed firom some 
of the osteobUsts. It has been already observed that the osteo- 
blasts have probably not all the same future. It is the destiny of 
some to become ossified. It may be the destiny of some to become 
marrow cells : while others are destined to be developed into bone 
corpuscles, and perform their allotted functions shut up in their 
bony ciypte (lacnnse) and their connecting processes in bony tubes 
(canaliculi). The evidence of this development of osteoblasts 
into bone corpuscles is derived &om the fact that some of them 
can be seen in the successive stages of their transformation: 

OflAlfleattoB la Cartllac«. — We will now endeavour to ex- 
plain that the process of ossification in cartilage, rightly imder- 
stood, is essentially like ossification in membrane. In both cases 
the materials for bone-building are similar, namely, connective 
tissue, blood-vessels, and the little corpuscles termed 'osteo- 
blasts.' The old school used to teach that the cartilage was 
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directly transformed into bone tissue. But this is not the modem 
doctrine. The microscope has proved that the cartilage is only a 
temporary structure, that, having answered a temporary purpose, 
it is removed, and that true bone tissue, of which the materials 
are derived from the periosteum, is substituted in its place as a 
new product. 

Previous to its removal the cartilage undergoes remarkable 
structural changes, which prepare the way and shape the direc- 
tion in which the bone is afterwards laid down. These prepara- 
tory changes are — the enlargement of the cartilage cells, and 
the calcification of the intervening matrix. If we examine the 
calcified portion of the epiphysial cartilage we find there that 
the cells are arranged in rows which are parallel to the axis of 
the bone. It is this appearance which is feimiliarly known as 
088ifying cartilage (fig. 116). 

As the term calcification might be taken in a wrong sense, 
it should be clearly understood that it is not the same thing as 
ossification. Calcification is the infiltration of an animal tissue 
with earthy salts, as in the case of shells, or in the cranium of car- 
tilaginous fishes. Ossification means the formation of true bone 
— a highly organized structure. Calcification, in the process 
before us, is the forerunner of ossification. 

Thus much premised, let us examine the process of ossification 
as observable in the cartilaginous shaft and at the epiphysial ends 
of what is to be a long bone. 

Calolfioatlon of Cartilagrinous Matrix. — ^The process begins 
by the appearance of an opaque spot in the centre of the minia- 
ture shaft. This opacity is occasioned by the enlargement of 
the cartilage cells, and the calcification of the matrix. These 
changes spread gradually from the centre up and down the shaft^ 
but stop short of the ends, which are continually growing in 
advance. 

Zn^rowths of Feriosteam. — At the same time and to the 
same extent that the preceding changes are taking place in the 
cartilage, the deep layer of its surrounding perichondrium (fiiture 
periosteum) sends oflF vascular shoots (periosteal ingrowths) of con- 
nective tissue charged with osteoblasts which penetrate the calci- 



fied cartilage and soon make it hollow ; the enlarged cartilage cells 
disappearing one after another, and their places being taken by the 
'osteoblastic tissue' from the periosteiini (see fig. 10). 




Grust of BoB« around Sbaft. — Pan passu with this 
tunnelling of calcified cartilage by the ingrowths, the deep 
layer of the periostetim is at work laying down a gradually 
thickening crust of true bone around the shaft (fig. 11, d). This 
process is not preceded by cartilage, but is direct membranous 
ossification, as in the tabular bones of the skull. 

Snmniliiff-vp. — To form a correct idea of these separate 
processes, the mind must grasp them as going on all together, 
not one after the other. Their general results may be summed 
up as follows (fig. 11): — 1. He cartilage at the middle is 
hollowed into a canity (general medullary) and filled by osteo- 
blastic or bone-building tissue and blood-vessels (e). 2. The 
shaft is surrounded by a circumferential crust of porous bone; the 
"first rudiment of the true wall {d). 3. The cartilage towards the 
ends is tunnelled (by periosteal ingrowths) into irregular tubular 
(medullary) spaces, also filled with osteoblastic tissue (c). These 
spaces freely communicate with the general medullary ca\'ity, but 
are blocked towards the growing ends by a boundary line of 
cartilage (&). It is in these spaces that blood-vessels in injected 
preparations can be seen running up to the cartilage cells. 
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4. The walls of these tubular spaces are formed by the slender re- 
mains (trabeeulse) of the calciiied matrix. These slender remainB 
serve ae the foundation upon which the true bone is laid and by 
which its cancellous architecture is directed. 

For the more minute observation of the process of ossification 
in cartilage, it is best to take the 'line of ossification' at the 
epiphysis of a long bone. The enlarged diagram (fig. 12) is in- 
tended to illustrate it. 



Bom of cartilage cells in calcified m&tiiz. 

TQb[iI*r spafM filled with osteoblastic tiMue. 




■d Ciienmferential erast of porous bone. 
Qanenl medullary cavitj. 



Near the top of the diagram the cartilage cells are seen en- 
larged and arranged in rows (b). The calcified matrix, represented 
by dots, lies not only between the rows, but between the cells, so 
that it makes transverse as well as vertical septa between them. 
A little lower, we see the tubular spaces, filled with the boue- 
building materials, namely, osteoblaatio tissue and blood-vessels (c 
and d). The blood-vessels form loops along the line of ossification, 
where the osteoblasts, having absorbed the transverse septa of 
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calcified matrix, are invading the cartilage cells which disappear. 
We see how the tubular spaces are formed by the vertical 
remains (trabecolte) of the calcified matrix; how these spaces 
commanicate here and there with each other where osteoblasts 

Fio. 12. 



a, Epiphyris. Hyaline cartilage. 



I. RoTB of cutiUge cells in cald- 
l matrix, vhich U repnaenled \>J 



c. Tubular apacea filled with os- 
teoblastic tiBBoe, coniUting of ooteo- 
blast*, blood-ntstli, and 



d. The daA linteKpnMnt blood- d \f 0= J^l„'^_ 
vesseli nmaine up the tnbnlBr Bpaces. 



r. The osteoblasts, transformed 
into bone on tils trabenbe of calci- 
Bed matrix, are represented dark. 
No bonf corpuscles are sholrn. 







have absorbed their walls ; how the remains (trabeculie) of the 
calcified matrix form a basis upon which the OBt«oblastB are 
deposited and transformed into bone (e). The ossified oBteoblaets 
are represented dark at the bottom of the diagram. 

The actual appearances of the process of ossification at the 
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epiphysis, as seen under the microscope, are represented in Plate 
[11. figs. 1 and 2. 

azperlments with UKadder. — ^That bones grow in thick- 
ness by additions to their surface, and not by interstitial de- 
posit, is proved firom the interesting experiments made with 
madder. It was accidentally discovered by Mr. Belchier, that 
piadder tinges the bones red. He gives the following account 
of the circumstances under which the discovery was made.^ 
He happened to be dining with a calico-printer on a leg of fresh 

• 

pork, and was surprised to observe that the bones, instead of being 
white, as usual, were red. On making inquiry, he found that the 
pig had been fed on the refuse of the dyeing vats, which contained 
a large quantity of the colouring substance of madder. This fact 
naturally attracted the attention of physiologists. The red tinge 
was found to be communicated much more quickly to the bones of 
growing animals than to those full grown. The bones of a young 
pigeon were tinged a rose colour in twenty-four hours. In the 
adult bird it took fifteen days to do it. The effect of madder upon 
bones depends upon this : — ^The colouring principle of the madder 
(Rubia ti/nctorum) has a strong affinity for phosphate of lime. It 
appears, however, that the vegetable dye does not combine with 
the phosphate of Ume already formed, but only with that which 
is actually forming and being deposited in the bones. Therefore, 
since the dye tinges only the most recent deposit of bone, it is 
possible to produce alternate rings of white and red bone, by 
periodically administering and withholding the madder as an 
article of diet. These rings will be observed not only at the 
circumference of the bone, but also within the Haversian systems. 
drowtb in Jbenffth of Bones. — Bones increase in length, not 
so much by interstitial deposit, as by addition to their ends; 
that is, by progressive ossification of the layers of cartilage which 
intervene between the ends of the shaft and the epiphyses. These 
layers of cartilage furnish the animal basis of ossification, by con- 
stantly growing, while they ossify on their upper and lower sur- 
fiices. AVhen the cartilage ceases to grow, ossification still goes 
on till the component parts of the bone are all united by bony 
matter ; and thus the stature of the individual is determined. If 

D 
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from inflammation or other canse the epiphyses unite sooner than 
they ought to do, then one limb may be shorter than the other. 
That bones grow chiefly by addition to their ends was proved by 
Hunter. He introduced shots at definite distances into the shaft 
of a growing bone of a common fowl, and examined them a fortnight 
or three weeks afterwards. The distance between the two shots was 
foimd only half as much increased as the distance between a given 
shot and the end of the bone. (Phys. Ser. Nos. 188, 189.) 

Value of Feriosteam. — Such is an outline of the structure 
and formation of bone. It is a subject interesting not only 
for its own sake, but because it helps us towards the ex- 
planation of what we are every day seeing of the progress of 
disease, and the repair of injuries in bone ; and what is more, 
it helps us towards a 'rational treatment of them. To give a 
few examples. Look at the value of the periosteum. Suppose 
a portion of periosteum to be detached by injury or disease from 
the surface of a bone, a part of the subjacent bone will run 
great risk of dying. It will not necessarily die, because its 
blood-vessels may still be filled firom within, owing to the free 
communication between the blood-vessels of the periosteum and 
those of the marrow. In a case of compound fracture, where 
there are loose fragments of bone, we ought not to remove any 
that are still connected to their periosteum. Or, when a portion 
of the skull-cap sliced oflF by a sabre cut adheres firmly to a flap 
of the scalp, the flap with the bone should be re-applied, and the 
cure will frequently be efiected without death of bone. In the 
Hunterian Museum are several skulls which have sufiered from 
severe sabre cuts. The portions of bone thus sliced oflF were 
once detached, and afterwards re-imited a little out of their 
proper places, so that the lines of original separation and subsequent 
union can be distinctly seen. (Path. Ser. Nos. 2892 to 2899.) 
Again, there are eases in which, either from exposure to cold or 
from direct injury, acute inflammation of the periosteum of 
the shaft of a bone ensues, effusion of fluid takes place beneath 
it, and severs the connection between it and the bone. The 
death (necrosis) of the entire shaft may be the consequence. 
Then, what happens ? As the inflammation subsides, the bone- 
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secreting layer of the periosteum forms new bone around that 
which is dead, and by degrees encloses it in a bony case. The 
dead bone lies loose in this new case, having been detached 
firom the articular ends, which do not die like the shaft, and 
for the reason that the epiphysial ends receive sufficient blood 
for their nutrition from the articular arteries, independently 
of what they receive from the shaft. The articular ends of 
the old bone become in time the articular ends of the new. 
Thus, the periosteum has formed a new shaft with a capacious 
cavity in its interior, in which the old bone is enclosed, and 
will remain so, and be a source of irritation for years, unless 
removed by a surgical operation. 

Although the periosteum holds the first rank of all the struc- 
tures which repair bone, still we are not to suppose that it is 
absolutely essential to the process. Under certain circumstances 
we find various other structures becoming transformed into bone. 
For example : In a case of compound fracture of the leg, where 
a portion of the entire circumference of the tibia, including its 
periosteum, was taken away, the vacancy in the bone was filled 
up by new osseous substance secreted by the surrounding soft 
tissues, and there was no shortening of the limb.^^ Again, we 
occasionally see the intervening soft tissues forming bridges of 
bone, and so repairing a fracture where the broken ends them- 
selves are widely apart. 

Material whioli Repairs Fraotnre. — Fractures are re- 
paired by a material similar to that out of which bone was 
originally formed. The animal matter which is first laid down 
is of a fibrous or cartilaginous nature — or a mixture of both, as 
the case may be — and then earthy salts are deposited in it. In 
the case of a simple fracture, where the broken ends are kept 
in contact and perfectly immovable by surgical appliances, the 
bones unite almost like an incised wound of soft parts. After all 
the eflFused blood is absorbed from between the broken ends, a 
soft fibrous substance (blastema) full of osteoblasts is thrown out 
from the ends of the broken bone, which forms a thin layer of 
animal matter (intermediate callus) between them. This gradually 
hardend, and the bone earth is then deposited in the blastema and 

D 2 



36 PERIOSTEUM. 

cells. So the ends are united. This occupies a period varying 
from four to ten weeks, according to the bone broken ; e.g. the 
clavicle and the ribs unite more quickly than other bones, pro- 
bably from their greater vascularity. The process is simply an 
excess of nutrition. Apparently more new bone than is necessary 
is formed. The excess fills up the medullary cavity, at the seat 
of fracture, and rounds off comers if there be any. But when the 
pertnanent uniting medium is strong, all that is seemingly super- 
fluous is gradually absorbed, and the medullary canal is restored 
to its original condition, after a period varying from six to twelve 
months. On the other hand, if the fracture be not kept steady — 
for instance, in the case of animals — a kind of temporary splint is 
formed in the shape of a broad and thick ferule of cartilage, 
which ossifies aroimd the ends of the broken bone, and keeps them 
almost immovable, while the permanent process of repair is going 
on between them. This ferule, termed the provisional callus,** does 
not disappear until the fracture has been thoroughly repaired. 
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BONES OF THE SKULL. 

For convenience of description the bones of the skull are gene- 
rally divided into those which form the ' cranium ' or brain case, 
and those which form the skeleton of the face. Each of these will 
first be described separately, and afterwards the skull will be 
examined as a whole. 
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Bones of 
tub c&anitjm. 



Occipital, 
Frontal, 
2 Parietal 
2 Temporal, 
Sphenoid, 
Ethmoid. 



14 
Bones of 
THE Face. 



2 Superior Maxillary, 

2 Malar, 

2 Nasal, 

2 Palate, 

2 Lachrymal, 

2 Inferior Turbinated, 

A'omer, 

Inferior Maxillary. 



THE OCCIPITAL BONE. 

(PL.iTK V.) 

Foramen Magnum i Basilar Prooess. — The occipital bone 
contributes to form part of the base of the skull, as well as the 
back of the head. There is a large oval hole in it, called the 
* foramen magniun,' which transmits the spinal cord and its mem- 
branes, the two vertebral arteries, and the two spinal portions of 
the spinal accessory nerves. The hole is very much larger than 
the parts which pass through it : all the intervening space is 
occupied by the cerebro-spinal fluid which supports and protects 
the cord. The narrow part of the bone, in front of the hole, 
projects, with a considerable inclination upwards, when the 
bone is held in its proper position — that is, with the foramen 
magnum horizontal ; it is called the ^ basilar process,' because it 
is wedged into the base of the skull. It is at the top of the 
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pharynx. This relation is of practical importance. It is well to 
know that the basilar process is within reach of the finger when 
introduced deeply into the mouth, and that, consequently, we can 
explore it satisfactorily, so as to ascertain how far a polypus may 
be connected to it. The end of the basilar process is joined to the 
body of the sphenoid bone, in early life, by cartilage; but in 
the adult this cartilage becomes ossified. On its under surface 
(Plate V. fig. 1) we notice a tubercle, exactly in the middle 
line, to which the aponeurosis of the pharynx is attached ; and 
laterally, rough surfaces for the attachment of the ^ rectus capitis 
anticus major ' and * minor.' On the upper surface (Plate V. 
fig. 2) of the basilar process there is a gently sloping groove 
(basilar groove), which supports the ' medulla oblongata.' The 
medulla is not in actual contact with the bony groove ; a thin 
layer of fluid is interposed, which, like a water-bed, protects this 
important part of the nervous system from concussion. On each 
side of this groove is another, but much smaller (petrosal) groove, 
which lodges the inferior petrosal sinus, by which some venous 
blood is returned from the brain.^^ 

Ooolpltal Part. — ^The expanded and vaulted part behind the 
foramen magnum contributes to form the skull-cap. On the 
convex or cutaneous surface, about the middle, we notice a rough 
prominence, called the * occipital protuberance,' plainly to be felt 
at the back of the head. From this we trace down to the foramen 
magnum what is termed the * crest ' of the occiput, which gives 
attachment to the ligamentum nuchse at the back of the neck. 
From this middle protuberance and crest trace outwards, towards 
the borders of the bone, two lines on either side, termed the 
^ superior and inferior curved lines.' These lines, as well as the 
rough surfaces between them, more or less evident in different 
instances, indicate the attachments of muscles at the back of the 
neck. The precise attachments of these muscles are mapped out 
on the right side of the drawing ; and in examining them, imder- 
stand, once and for all, that the blue outline denotes the insertion 
of a muscle ; the red, the origin. It is right to explain that the 
origin of a muscle is the term applied to its most generally j&cecJ 
attachment ; the insertion of a muscle is the attachment which 
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is usually the more movable. However, it should be understood 
that a precise rule cannot be laid down with regard to these terms 
as applied to muscles, since the origin or fixed attachment, and 
the insertion or movable one, may under altered conditions be 
reversed. 

Thus, the bone near the superior curved line gives origin to 
the * trapezius ' and * occipito- frontalis,' and insertion to the 
^ stemo-cleido-mastoideus ' and ^ splenius capitis.' The surface 
between the two lines gives insertion to the * complexus.' Below 
the inferior line are the insertions of the * rectus capitis posticus 
major,' the ^rectus capitis posticus minor,' and the ^obliquus 
superior.' 

Condyles and Condyloid Foramina.— The articular pro- 
cesses called the * condyles ' are placed one on either side of the 
foramen magnum along its anterior half. They are kidney- 
shaped and convex, with their anterior ends converging. More- 
over, they slant so that their inner margins are lower than their 
outer ; and they thus fit into the * cups ' of the ' atlas ' or first 
cervical vertebra. Owing to this arrangement, and the great 
strength of the connecting ligaments, dislocation of the head from 
the atlas is exceedingly rare. More than this, by fitting together 
the two bones, you find that the condyles of the occiput are much 
longer than the cups which receive them ; this permits the back- 
ward and forward motion of the head. On the inner side of each 
condyle is a rough surface or * tubercle,' to which are attached the 
* odontoid ' or .* check ligaments ' which limit the rotation of the 
head. Outside each condyle is the * anterior condyloid foramen.' 
The direction of this foramen is outwards and forwards. It gives 
passage to the * hypoglossal ' or ninth nerve, which, proceeding 
from the medulla oblongata, is distributed to the muscles of the 
tongue. Immediately above the * anterior condyloid foramen,' or 
canal, as it should be called, there is a heaping-up of bone, which, 
not having received a name, may be termed the * eminentia inno- 
minata.' It looks like a strong bony bridge over the canal, and 
strengthens the base of the skull like a flying arch just over the 
condyle. Behind each condyle is a deep depression or * fossa,' at 
the bottom of which is mostly found a * posterior condyloid fora- 
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men.' ^* The fossa, by making room for the cups of the atlas, 
enables us to move our heads further backwards than we other- 
wise could have done ; and the foramen at the bottom of it is the 
opening of a canal which runs horizontally forwards into the 

* groove for the lateral sinus ' (Plate V. fig. 2), and transmits a 
vein from the lateral sinus to the vertebral vein outside the skulL 

Immediately external to the condyles, the bone forms on each 
side a projection, termed the * jugular eminence.' On its under 
surface (Plate V. fig^ 1) there is a roughness for the insertion 
of the * rectus capitis lateralis.' On its upper or cerebral surfsEice 
is a deep * groove for the lateral sinus,' one of the large venous 
canals which return the blood from the brain. Trace this groove 
forwards, and observe that it turns suddenly downwards, forming 
a kind of gulf, sometimes termed the * jugular fossa ' which lodges 
the commencement of the internal jugular vein. Looking at the 
base of the skull (Plate XIX.) observe further, that it con- 
tributes, with the petrous part of the temporal bone, to form the 

* foramen lacerum postcrius.' 

Cerebral Sarfitoe. — On the concave surface (Plate V. fig. 2) 
observe two deeply grooved thick ridges of bone, crossing each 
other, — ^the one vertical, the other horizontal : these grooves 
• contain the sinuses of the brain. The groove of the vertical ridge 
contains the * superior longitudinal sinus ' above, and the * occipital 
sinus ' below the crossing. Near the foramen magnum, the groove 
for the occipital sinus generally subdivides into two smaller ones, 
which gradually lose themselves aroimd its margin. The hori- 
zontal groove contains the great * lateral sinus.' By referring to 
Plate XIX. this great groove may be traced in its winding 
course along the occipital bone across the posterior inferior angle 
of the parietal bone, the temporal, and then on to the occipital 
again, down as far as the ' foramen lacerum posterius.' The 
grooves for the lateral sinuses are seldom of equal size on both 
sides of the skull. Generally, the right is larger than the left ; 
hence the larger size of the right internal jugular vein. Besides 
being grooved for the sinuses, the ridges give attachment to pro- 
cesses of the ' dura mater,' which supi)ort the lobes of the brain. 
The horizontal ridge gives attachment to the * tentorium cere- 
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belli,' the longitudinal ridge to the * falx cerebri ' above, and the 

* falx cerebelli ' below the crossing. 

Where the ridges cross each other, there is a heaping-up of 
bone, termed the * internal occipital protuberance.' This is by 
far the strongest part of the bone, and protects the back of the 
cranium ; besides which, at this protuberance, no fewer than six 
sinuses of the brain meet, viz. the superior longitudinal, the two 
lateral, the two occipital, and the straight. The meeting of these 
sinuses is termed the *torcular Herophili.' Herophilus fancied 
that the blood flowing in here would be * twisted ' or ' pressed.' 

Between the ridges there are four * fossae ' which receive the 
lobes of the brain — the two upper, the posterior lobes of the cere- 
brum, the two lower, the lateral lobes of the cerebellum. Hold 
the bone to the light, and see how thin are the walls of the fossae 
for the cerebellum ; this is well protected by the mass of muscles 
at the back of the neck. 

GonneotloiiB. — The occipital bone is connected with six other 
bones ; namely, with the two parietals by the remarkably serrated 

* lambdoid ' suture, with the two temporals, with the sphenoid, 
and with the atlas ; the latter being articulated to the condyles 
by movable joints. The sutures are simply named after the 
bones which they connect : for instance, we speak of the * occipito- 
parietal ' suture, the * petro-occipital,' the * occipito-mastoid,' and 
the * spheno-occipital.' All these connections are well serrated, 
except the * spheno-occipital,' which is quite effaced in the adult 
skull, and the * petro-occipital.' 

OMifloatioii. — ^The occipital bone is developed from four 
distinct centres, which appear about the seventh week of foetal 
life — one for the basilar part, one for the occipital, and one for 
each condyloid part (Nor. Hum. Ost. No. 35). These segments 
are, respectively, the * basi-occipital,' the * supra-occipital,' and the 
two * ex-occipital ' foetal elements of the bone. They all meet and 
form the foramen magnum, and all are distinct at birth. The 
occipital and condyloid parts unite about the fourth year ; the 
basilar and condyloid about the fifth. 

In very few skulls, there projects from the lower surface of the 
jugular eminence a more or less prominent tubercle, the ^par- 
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occipital process.^ It is the analogue of a transverse process. It 
is quite a deviation from the human type, but is very constantly 
developed in the mammalian series. There is a good specimen 
of the process in the Nor. Hum. Ost. Sen (No. 747), in a skull 
from an aboriginal of one of the Philippine Islands. The process 
is even longer than the mastoid process, and presents an articular 
surface for joining the transverse process of the atlas. There is a 
similar process in a skull in the museum of St. Bartholomew's 
Hospital. There are also two specimens of it in the Museum of 
Anatomy, in Richmond Street, Dublin. 

GomparatlTe 08teologr7« — In ^ mammalia, as in man, there 
are two occipital condyles, fitting into two corresponding articular 
surfaces on the atlas. In birds and reptiles (Sauropsida), however, 
there is but a single occipital condyle, in front of the foramen 
magnum, in the middle line. This should be seen and noted, as 
it is one of the distinctive features of the above-named classes. 
(See separate series in the Mus. Roy. Col. Surg.) 

The cells which contain air and separate the inner and outer 
tables of the skull in the frontal bone of man extend as &r back 
as the occipital bone in elephants. See sections of the elephant's 
skull (No. 2657). 

In quadrupeds the prominence of the crest and external 
occipital protuberance bears a direct relation to the development 
of the ligamentum nuchse which supports the head, and is usually 
in proportion to the weight of the head and its appendages. 
Compare the head of a deer, elephant, and tiger with that of a 
man in these particulars. In the moles the ligamentum nuchse 
will be seen to be nearly all ossified. 



PARIETAL BONE. 
(Plate VI.) 

This broad, roof-like bone derives its name from paries, a wall, 
as it forms so much of the wall of the skull-cap. It is the only 
bone belonging exclusively to the vault of the cranium. With its 
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fellow of the opposite side it makes the keystone of the arch which 
spans the brain* The two pillars of the arch are the squamous 
portions of the temporal bones (fig. 23, skull as a whole). It is 
convex on the outer surface, concave on the inner, and four-sided. 

Outer 8urfiM>e. — On the outer or convex surface (fig. 1), 
notice the 'parietal eminence.' This is the spot in which the 
ossification of the bone began. Below the eminence is a curved 
line, termed the * temporal ridge,' which gives attachment to part 
of the * temporal aponeurosis.' The surface below this line forms 
part of the * temporal fossa,' which gives origin to the ' temporal 
muscle.' The four angles of the bone are * anterior superior,' 
* anterior inferior,' * posterior superior,' and * posterior inferior.' 

Cerebral Sorfitoe. — ^The concave cerebral surface has four 
kinds of marks or impressions upon it. Firstly, over the general 
surface there are large shallow grooves corresponding to the con- 
volutions of the brain. Secondly, along the upper border is a 
half groove for the superior longitudinal sinus, and across the 
posterior inferior angle is a complete groove for the lateral sinus 
on its way from the occipital to the temporal bone. This should 
be borne in mind in articulating these bones with the parietal. 
Thirdly, running close to and parallel with the anterior border is 
the groove for the middle meningeal artery, from which ramify 
over the rest of the bone a number of smaller channels. Fourthly, 
near and along the upper border are seen a number of rounded 
depressions, which in the recent state contained the so-called 
Pacchionian bodies. Towards the back part of the upper border 
is mostly seen a foramen (' parietal foramen ') which transmits a 
vein from the superior longitudinal sinus to the outside of the 
skull, and often an artery from the middle meningeal to the 
temporal artery. 

GonnectionB. — ^The parietal bone is connected by sutures with 
five bones (Plate XVIII.), as follows : — With the opposite 
parietal bone, by the interparietal or * sagittal ' suture ; with the 
frontal bone, by the fronto-parietal or ' coronal ' suture ; with the 
temporal bone, by the temporo-parietal or * squamous ' suture ; 
with the occipital bone, by the occipito-parietal or * lambdoid ' 
suture, and with the sphenoid bone, by the spheno-parietal 
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suture. In all adult skulls the sagittal suture, though for the 
most part extremely serrated, is much less so near the parietal 
•foramina. When obliteration of this suture takes place in age, it 
always begins opposite these holes. Do not fail to notice the 
beautiful arrangement of the sutures of the parietal bone: the 
sutural edges are bevelled on alternate sides, so that the bone 
cannot be driven in without previous fracture. 

OsBifloatlon. — It is developed from one centre, which makes 
its appearance at the parietal eminence, about the seventh week 
of foetal life. 

Fontaaelles. — The term ^fontanelles' is given to those mem- 
branous intervals in the fcetal skull which are seen at the four 
angles of the parietal bone. These unossified parts are so called 
from the pulsations of the brain beneath them, i)erceptible in 
infants, like the welling up of water in a spring. They are pro- 
duced in the following manner. Ossification commences in the 
centre of the bone, and advances towards the circumference ;^ 
therefore, the most distant parts of the bone are the last to be 
ossified. These points are the angles where the several bones 
eventually meet. There are in all six * fontanelles ' (Plate XVIII^ 
figs. 4 and 5). Observe the shape of the anterior and posterior 

* fontanelles,' and of the two lateral. The anterior, situated be- 
tween the adjacent angles of the parietal bones and the ununited 
halves of the frontal, is lozenge-shaped, and remains open for some 
time after birth ; indeed, it is not (as a rule) entirely obliterated 
till the fourth year. The posteriory situated between the parietals 
and the apex of the occipital bone, is triangular and nearly closed 
at birth. These ' fontanelles ' are of especial importance to the 
accoucheur, as by the feel of them the finger can detect, during 
parturition, the position of the head of the child. The lateral 

* fontanelles ' are of less importance, and generally obliterate 
before birth. 

Rigrht or Xieft 7 — In studying osteology the student must learn 
to hold each bone in a similar position to the corresponding one in 
his own body. Now in order to do this in the case of single bones, 
such as the occipittil or frontal, all that it is necessary to know is 
(1) either the top or the bottom, and (2) either the front or the 
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back of the bone. But in all bones which occur in pairs (i.e. of 
which there is a right and left) six aspects must be considered, viz. 
a top and bottom, a front and back, an inner and outer side, and it 
becomes necessary in them to know three points instead of two, 
in order to place them in the required position, viz. (1) the top or 
the bottom ; (2) the front or the back; and (3) the inner or the 
outer side. It is best to choose the most striking or obvious 
characters of a bone by which to determine these i^oints, as being 
the quickest way of arriving at the conclusion. Thus, taking the 
parietal bone: (1) the inner side is recognised by its concave 
surface, which fits on to the brain, and is marked by its convolu- 
tions; (2) the bottom is known by its arched edge for articulation 
with the squamous portion of the temporal bone ; (3) the front 
is known by the groove for the middle meningeal artery which runs 
up close to its edge. Bearing in mind these points, it is impossible 
to mistake a right for a left; and with anything less than these three 
points, it is equally impossible to know one from the other. 

GomparatlTe Osteoloery. — In Camivora the temporal muscles 
are so extensive that they meet in the middle line of the skull, 
where they are attached to a dense median crest of bone, which 
represents the temporal ridges coalesced. This is conspicuous in 
the skeleton of the tiger. It is interesting to note that the dog 
is not bom with this median ridge ; at birth the temporal muscle 
extends only partly up the side of the head. As the dog grows 
the muscle rises further up the head until it meets its fellow in the 
middle, and then the ridge begins to be developed. This pro- 
gressive increase of the muscle may be due to the habit puppies 
have of worrying everything they meet with, or it may be the 
result of an hereditary tendency. 

In elephants and owls the inner and outer tables of the 
parietal bones are separated by enormous air cells. 

In man the two originally distinct halves of the frontal unite 
and form one bone. In bats the two parietals, wliich in us remain 
distinct, unite and form a single bone; this is also the case in many 
rodents, as the hare, but in the rabbit they remain separate. In 
Buminants and Solidungrda the parietals are united. 
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FRONTAL BONE. 
(Platb vn.) 

The situation of the frontal bone is implied by its name. As 
it forms not only the forehead, but the roof of the orbits^we 
naturally divide it into a * frontal plate ' and an * orbital.' 

Frontal Plate. — The anterior surface of the * frontal plate ' 
is smooth and convex, and gives breadth and height to the fore- 
head. Observe, first, the two * frontal eminences,' one on each 
side, familiarly called the * bumps ' of the forehead. They are 
the two points from which the bone was originally formed, and 
their greater or less prominence indicates to a certain extent the 
amount of brain behind them. Not so the two projections lower 
down, termed the * superciliary ridges : ' these do not correspond 
to prominences of the brain, but are occasioned by air-cavities 
termed the * frontal cells ' or * sinuses,' situated between the two 
* tables ' of the skull. And here it may be well to mention, that 
the cap of the skull consists of two layers of compact bone, called, 
respectively, the outer and inner * tables' of the skull, and separated 
by an intermediate cancellous tissue termed the *diploe.' We shall 
allude to the advantage of this structure hereafter (skull as a whole, 
fig. 20) ; meantime, observe that the frontal cells are formed by 
the separation of these tables. To see the extent of the cells, one 
ought to make vertical sections as shown in Plate XXIII. 

me Frontal Sinases. — ^There are some points of interest 
about the frontal sinuses. 1. They communicate freely with each 
nostril through a canal termed the * infundibulum ' (fig. 2) ; there- 
fore it is possible for insects to reach them.** A lady had a kind of 
centipede {Scolopendra electrica) for a year in one of her frontal 
cells. It gave her intense pain, and was expelled at last, alive, 
during a fit of sneezing.^ It is by no means uncommon to find the 
larvae of insects in the frontal cells of animals. Sir C. Bell states 
that a man, having slept in barns, was afflicted with pains in the 
forehead, ' which were relieved after he had discharged from his 
nose a worm belonging to that class which spoils the corn.' 2. As 
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they are lined by a continuation of the same mucous membrane 
which lines all the other passages of the nose, we have a ready 
explanation of the aching pain in the forehead in cases of influenza, 
or a common head cold. 3. In cases of fracture of the base of the 
skull involving the walls of the cells, it is possible for fragments of 
the brain to escape from the nose. The author has seen a case of 
this kind where the patient recovered without any permanent ill 
efifects except partial loss of smell. 4. If the outer wall of the 
cells be injured by violence or disease, the air, in sneezing or 
coughing, is liable to escape under the skin of the forehead ; this 
condition is called * surgical emphysema.' ^ A boy was kicked by a 
horse on the forehead, so that the frontal cells were exposed. 
There resulted a fistulous opening, through which, when the nose 
was held, he could blow out a candle. 5. They not only contri- 
bute to the lightness of the skull, but increase the resonance of 
the voice. They are not developed until about the age of puberty, 
and steadily increase in size afterwards. In some tribes — for 
instance, in the native Australians — they are but slightly de- 
veloped ; ^ and hence arises that want of resonance for which their 
voice is remarkable.** Even in Europeans their size and extent 
vary exceedingly. A good idea may be formed of their size in 
some persons, by the fact that they may lodge a musket-ball. A 
soldier was wounded at the battle of Talavera by a ball which 
struck him on the forehead and lodged in the frontal sinus. It 
was readily [removed by enlarging the opening, and the man 
recovered.^ The author has seen a case precisely similar, in a 
soldier who was wounded in the Crimea. The sinuses are com- 
monly separated by a bony partition, often incomplete. 

The * bumps ' are not prominent in children, because the 
tables of the skull do not begin to separate to any extent 
before puberty. From an examination of more than 100 skulls, it 
appears that the absence of the external prominence, even in middle 
age, does not necessarily imply the absence of the sinus itself, since 
it may be formed by a retrocession of the inner table of the skull. 
In old persons, as a rule, when the sinuses enlarge, it is by the 
inner table encroaching on the brain case. The skull wall follows 
the shrinking brain. The range of the sinuses may extend even 
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more than half-way up the forehead, and backwards for an inch or 
more along the orbital plate of the bone. Sometimes one sinus is 
larger than the other, and consequently the * bump ' on one side 
of the forehead may naturally be more prominent than that 
on the other. In the Nor. Hum. Ost. Ser. (Nos. 153 to 156) 
in the Museum of the Royal College of Surgeons, there is an in- 
structive collection of horizontal sections through the frontal bone 
at the level of the sinuses. In a specimen from a man aet. 32, 
it may be observed that though the sinuses are very extensive, 
there is no external protuberance. In another from a man set. 47 
there are no sinuses, yet there is a great external protuberance. 
One obvious conclusion from all this is, that the * bimips * on the 
forehead mapped out in this situation by phrenologists, imder the 
heads of * Locality,' * Form,' * Time,' * Size,' &c., do not necessarily 
coincide with any convolutions of the brain. 

Orbital MarflTin. — The margin of the orbit, termed the 
* supra-orbital arch,' is composed of thick and massive bone, — ^as 
is, indeed, the entire circumference of the orbit. But the * internal 
and external angular processes ' — in other words, the piers of the 
arch — are remarkably strong, and form buttresses for its support. 
Near the inner third of the arch is the * supra-orbital foramen,' 
or it may be a * notch,' for the transmission of the supra-orbital 
nerve and artery. It is this nerve which is aflFected in *brow 
ague.' At the external angular process is the starting-point of 
the * temporal ' ridge,' to which the temporal aponeurosis is 
attached (Plate XV. fig. 2) ; and just below this is a little surfrtce 
of bone which contributes to form the * temporal fossa' for the 
origin of the temporal muscle. 

Cerebral Surface. — On its cerebral surface (Plate VII, fig. 2), 
the * frontal plate ' is concave, and mapped out by the convolutions 
of the brain and the grooves of the anterior meningeal arteries (small 
vessels given oflF from the ethmoidal branches of the ophthahnic), 
and the ramifications from the middle meningeal artery, on either 
side. In the middle line is the groove for the commencement of 
the superior longitudinal sinus. Trace the groove downwards, 
and observe that its margins gradually approximate, and lead to a 
small hole, the * foramen csecum.' The foramen caecum sometimes 
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leads into the frontal sinus, sometimes directly into the nose ; or 
it may open on the posterior or anterior sur£ax3e of the nasal bones. 
It sometimes contains a small artery. Though called * blind/ it 
generally transmits a small vein from the longitudinal sinus into 
the frontal cells; and this is one of the anatomical reasons 
assigned why bleeding from the nose relieves congestion of the 
brain, and why the old practitioners were in the habit of leeching 
the nose. 

Very often the margins of the groove for the longitudinal sinus 
coalesce, so as to form a small ridge, before they reach the 
foramen caecum. They give attachment to a perpendicular sheet 
of the dura mater (termed, from its shape, the * falx cerebri '), 
which separates the hemispheres of the brain. Therefore, when 
we see a frontal bone with a well-marked ridge along the beginning 
of the longitudinal groove, it is but the ossification of part of this 
fibrous membrane. Pieces of bone occasionally occur in the fiJx 
cerebri, which remind us of the tentorium cerebelli in some 
Camivora, as tigers, seals, and cats, in which the tentorium is 
for the most part bony instead of membranous (Nos. 4608 and 
4483). 

Orbital Flates.— The * orbital plates' (Plate VII. fig. 2) 
extend horizontally backwards, and form a concave roof for the 
orbit, and a part of the anterior fossa of the cranium. Hold them 
to the light, and observe how thin they are. In extreme old age, 
when the diploe of the skull becomes absorbed, the orbital plates 
have sometimes large holes in them. At any time of life their 
thinness renders them liable to be perforated by sharp instruments 
thrust into the orbit. Wounds of the brain from such accidents 
are sometimes met with. Sir C. Bell speaks of a young man 
having been killed by the thrust of a foil which had lost its 
guard, and passed through the orbital plate into the brain. Their 
* cerebral surfsice' is slightly convex, and generally ridged and 
furrowed by the impressions of the brain. The orbital plates of 
the frontal bone are more or less arched in diflFerent skulls. Of 
cotu'se the more they are arched the more they encroach on the 
cranial space, and therefore the less room there is for the anterior 
lobes of the brain. Contrast the skull of a monkey with that of 
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a man, and you will observe a marked difference. Their lower 
surface is concave, more especially near the external angular 
process, where there is a depression (* lachrymal fossa ') which 
lodges the lachrjrmal gland. Again, near the internal angular 
process there is a trace of a slight depression, indicating the 
attachment of the cartilaginous pulley of the * superior oblique ' 
muscle of the eye. 

fithmoidal Motoh. — The orbital plates are separated by a 
wide gap, called the * ethmoidal notch,' because it receives the 
cribriform plate of the ethmoid bone, which here fits into the 
base of the skull. (Plate XIX.) On each side of the irregular 
margins of the notch observe the incomplete cells with thin walls. 
These cells correspond with, and are closed by, the ethmoidal 
cells (Plate XI. fig. 2). The largest cell of all is in the front; 
and this, as seen in Plate VII. fig. 2, leads into the fix)ntal sinus. 
All of them are filled with air, and lined by mucous membrane 
continuous with that of the nose. At the front part of the notch 
is the * nasal spine ' of the frontal bone. This little perpendicular 
projection — generally broken off in taking the skull to pieces — 
supports the proper nasal bones (Plate XXIII. fig. 1 ), and helps 
to form the septum of the nose, by uniting with the perpendicular 
plate of the ethmoid bone. On either side of it is a little groove 
which forms part of the roof of the nose (Plate VTI. fig. 1). Im- 
mediately in front of the nasal spine is the jagged surface which 
receives the nasal bones, and the nasal process of the superior 
maxillary bone (Plate XVI. fig. 2). Lastly, on the margin of 
the ethmoidal notch, notice two grooves which, with the ethmoid 
bone, form the * anterior and posterior ethmoidal foramina.' The 
anterior transmits the * nasal ' branch of the ophthalmic division of 
the fifth nerve, and the anterior ethmoidal artery and vein ; the 
posterior, the posterior ethmoidal artery and vein. 

Gonneotions. — The frontal is connected with twelve bones, 
of which two, the sphenoid and ethmoid, are single. It is united 
to the two parietal bones by the * fronto-parietal ' or * coronal 
suture ' (Plate XVIII. fig, 2). Concerning this suture, see how 
admirably it locks the bones together, and secures the arch of the 
skull. The margin of the frontal bone is bevelled at the expense 
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of its inner table above, of its outer table below ; and the parietal 
bone is adapted accordingly. The lower half of its temporal 
margin unites with the greater wing of the sphenoid. Its ex- 
ternal angular process is connected to the malar bone ; its internal 
angular process, to the nasal bone and nasal process of the 
superior maxillary. Its orbital plate is connected to the sphenoid, 
ethmoid, and lachrymal bones. Look well into the orbits and see 
these several connections. They form a continuous suture from 
one external angular process to the other. This is called the 

* transverse frontal suture.' 

Ossification. — The frontal bone is developed from two 
centres, which appear one on each side, in the situation of the 
frontal eminence, about the seventh week of foetal life. These 
lateral halves meet and form a vertical suture down the middle of 
the forehead, termed the * frontal ' suture ; so that in children the 
two halves of the bone are easily separated. Generally this suture 
becomes obliterated during the second year ; but sometimes 
traces of it persist, as seen in the skull, Plate XVIII. ; hence the 
practical rule not to mistake it for a fracture.^* 

The frontal bone gives attachment to three muscles ; namely, 
to part of the * temporal,' part of the * orbicularis oculi,' and the 

* comigator supercilii.' 

Comparative Osteoloflry- — 1^ some animals, such as the 
Camivora (see skull of tiger) the temporal muscle extends so far 
forwards that there is no room for articulation between the malar 
bone and the external angular process of the frontal. Thus, in 
these skulls the temporal fossa and the orbit are not separated by 
bone as in man. This character runs throughout the Camivora, 
Rodentia, Edentata, and Pachydermata. In some animals the air 
cells are very numerous and large. Let any one who, admir- 
ing the intelligence of the elephant, imagines him to have a 
huge brain, put his hand into the foramen magnum of the skull 
which stands on the pedestal in the Mus. Roy. Coll. Surg, and 
explore the cranial cavity. He will find that this forms but a 
small portion of the size of the head. And now looking at the 
sections of the skulls in the case behind it, he will see that the 
larger part of the skull is formed by cells or air spaces between 
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the tables of the frontal, parietal, and occipital bones, which often 
separate the inner and outer tables of the skull to the extent of 
a foot. These make a vast increase in the size of the skull — an 
increase of advantage, however, as it affords additional leverage 
for those muscles which are inserted into the back of the skull, and 
raise the massive head, including the trunk, tusks, and jaws. The 
place to aim at in this animal is just above the root of the trunk, 
where the case of the brain is not much thicker than a shilling. 
These sinuses are also well developed in the owl and the giraffe. 
In the great extinct sloths the upper, back, and side walls of the 
craniiun were thus inflated with air ; so that in these instances 
the brain is protected by a double skull, with air between the two. 
This modification not only lightened the skull, but protected 
the brain from the falling trees uprooted for food by these 
animals. 

The horns of animals such as oxen, sheep, and antelopes, con- 
sist of a homy sheath supported upon a long mass of bone which 
grows from the surface of the frontal bone. These horns last the 
lifetime of the animal, excepting, indeed, in the case of the prong- 
horned antelope at the Zoological Grardens, which has twice shed 
its horns (No. 3713). The antlers of the deer consist entirely of 
bone, and grow from a projection on the frontal bone, and are shed 
annually; even the Wapiti deer sheds its huge antlers every 
year, and the extinct Irish elk formed no exception to this rule. 
Antlers are very vascular, and are covered by a vascular mem- 
brane, termed the * velvet,' until the full growth, when they lose 
the * velvet,' and are themselves ultimately shed. The horn of 
the rhinoceros is simply homy, and has no shaft of bone in its 
interior. 



TEMPORAL BONE. 
(Plate VIII.) 



Three Parts. — This bone occupies the temples. It is a com- 
plicated bone, even on the surface; much more so in its interior, 
because it includes the organ of hearing. It consists of three 
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parts, — a squamous portion, situated in the temple ; a Toastoid^ 
forming the little projection behind the ear; and a petrous ^ which 
contains the organ of hearing, and projects like a wedge into 
the base of the skull. This division is very convenient : but the 
natural divisions of the bone are — 1. The squamous; 2. the 
periotic, comprising the petrous and mastoid ; and, 3, the tym- 
panic, or small ring of bone which surrounds the membrana 
tympani, and by its outward growth comes to form the external 
auditory passage. These parts are separate in the human foetus, 
and permanently so in many of the lower animals. 

Squamous Portion. — ^The squamous portion, named from its 
scale-like appearance, forms part of the wall of the temple. It is 
very thin ; hence the danger of a blow here. Its smooth outer 
8ur£Eice is entirely covered by the temporal muscle, to which it 
gives origin. Its inner surface is marked by the convolutions of 
the brain, and by a narrow groove which sweeps, in a curved 
direction, from before backward, indicating the course of the 
posterior branch of the middle meningeal artery. (Plate VIII. 
fig. 2). 

Zyeroma. — At the lower part of the squamous portion there 
is an outgrowth of bone, termed the * zygoma' {^i^yaofuif a 
bolt or bar). It projects horizontally forwards, and can be 
easily felt on the side of the face. It is connected by a 
strongly serrated suture with a similar projection from the malar 
bone ; so that the two together form an arch (' zygomatic arch ') 
beneath which the temporal muscle plays. (Plate XV. fig. 2.) 
The base of the zygoma is very broad, and appears to spring from 
two roots, — an anterior and a posterior: in the space between 
them is the * glenoid cavity,' which forms the socket for the lower 
jaw. The posterior root (supra-mastoid ridge) runs backwards in 
the same line with the zygoma, and forms the upper boundary of 
the glenoid cavity : after that, it passes over the meatus audito- 
rius extemus, and then it gradually fades away, marking the line 
of separation between the squamous and the mastoid divisions of 
the bone. In the negro race, this supramastoid ridge is strongly 
marked, and is characteristic of a degraded type of skull (see 
two Tasmanian skulls. Nor. Hum. Ost. Nos. 1096-1097). The 
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anterior is the main root; it is very broad and strong, nins 
transversely inwards and forms the front boundary of the glenoid 
cavity. It is called the * eminentia articularis.' This is crusted 
with cartilage in the recent state, and forms additional sur&ce 
for the play of the lower jaw. Under ordinary circumstances, 
the * condyle ' of the jaw is in the glenoid cavity ; but while the 
mouth is opening widely, the condyle can be felt sliding so fer 
forward that the finger can be placed into the socket behind 
it. In fits of laughter or of yawning, the condyles may be 
suddenly dragged in front of the articular eminences by the 
muscles ; and then the jaw is dislocated into the zygomatic fossa. 
Under such circumstances a person presents a very ridiculous 
appearance, since the mouth remains wide open until the disloca- 
tion is reduced. At the base of the zygoma we notice a little 
tubercle (* tubercle of the zygoma '), to which is attached the 
external lateral ligament of the lower jaw. Lastly, the upper 
edge of the zygoma gives attachment to the temporal aponeurosis ; 
the lower edge gives origin to the masseter muscle. 

Olenoid Cavity. — The ^ glenoid cavity ' (7X971/17, a socket), or 
socket for the lower jaw, is concave and oval, with the long 
diameter transverse, or nearly so. At the bottom of it notice a 
fissure, termed the * fissura Glaseri,' or * glenoid fissure,' the 
remains of the original separation between the squamous and 
tympanic portions of the bone. The part in front of the fissure is 
the socket for the jaw : the part behind it is occupied by a lobe of 
the parotid salivary gland. Pass a bristle up the fissure, to see 
that it leads to the tympanum of the ear. The glenoid fissiu-e 
contains the * processus gracilis ' of the * malleus,' the tympanic 
artery, the * laxator tympani ' muscle, and is usually said to 
transmit the * chorda tympani ' nerve ; but this nerve, strictly 
speaking, runs through a little canal, close by the fissure 
termed * Canal of Huguier.' Between the glenoid cavity and the 
meatus auditoriui? there is a slight process which afibrds support 
to the lower jaw, and guards against dislocation backwards. This 
* postglenoid process ' is generally well marked in African skulls, 
and always so in the gorilla, the animal which approaches man so 
nearly. 
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Mastoid Portion. — The ^ mastoid portion ' forms the promi- 
nence of bone which is felt behind the ear termed the mastoid 
* process ' (jjLcurros^ a nipple). This process gives insertion and 
great leverage to some of the muscles which move the head 
ronnd, viz. the * stemo-cleido-mastoideus,' under that the * splenius 
capitis/ and still deeper the ^ trachelo-mastoid.' Beneath all these 
muscles the occipital artery runs to the back of the head, along a 
slight groove in the bone, internal to the digastric fossa. These 
muscles, as seen in Plate VIII. fig. 1, are also inserted into 
the rough surface above and behind the mastoid process. If a 
section be made through the process, it is found to contain large 
and freely communicating cells, termed * mastoid,' which open 
into the back part of the tympanum. These cells, like the 
tympanum itself, contain warm air, which is admitted from the 
back part of the nostrils through * the Eustachian tube.' They 
not only make the bone light, but are useful to the sense of 
hearing, by allowing more space for the vibration of the air. Like 
the frontal cells, and indeed all the air-cells in the bones of the 
skull, they are not developed till the approach of puberty. In 
cases of deafness, arising from obliteration of the Eustachian tube, 
it was formerly the practice to make an opening into the mastoid 
cells, in order to admit firee access of air into the tympanum. The 
success attending this proceeding induced Just Berger, physician 
to the King of Denmark, to have the operation done upon him- 
self ; but he died twelve days afterwards from extension of inflam- 
mation to the membranes of the brain; and the death of this 
illustrious man brought the operation into disrepute. Internal 
to the mastoid process is a deep fossa, termed the 'digastric 
fossa,' where the * digastric ' muscle arises. Behind the process is 
a hole, called the * mastoid foramen,' through which a vein runs 
from the lateral sinus to the outside of the head. This explains 
why leeches, applied behind the ears, relieve congestion of the 
brain. Lastly, on the cerebral aspect of the mastoid portion, 
notice the * groove for the lateral sinus.' 

Petrous Portion. — The ' petrous portion ' derives its name 
from the hardness of its constituent bone {irirposy a rock). It 
projects horizontally into the base of the skull (Plate XIX.), 
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and so carries &r ont of harm's way the delicate organ of hearing 
which it contains. Its shape is like a triangular pyramid with the 
apex inwards ; so that, for descriptive purposes, it may conveni- 
ently be divided into three surfaces, — an anterior, a posterior, and 
an inferior : then there is a base and an apex. Our best plan is 
to examine each of these parts separately, that we may be able to 
answer the question, what is seen on the anterior, what on the 
posterior surface, and so forth. Take the base first. 

Meatus Audltorias Bxtemus. — At the base of the petrous 
portion is the orifice of the passage to the ear, termed the * meatus 
auditorius extemus.' It is situated immediately behind the 
glenoid cavity, and its boundaries are chiefly formed by a curved 
plate of bone, called the * processus auditorius.' Observe, first, 
that the edge of it is very jagged, for the attachment of the 
cartilage of the ear ; and then look carefully down the passage to 
see that this curved plate of bone forms its boundary wall all 
round, except at the uppermost part. This inspection will pro- 
bably suggest that the whole plate is something superadded to the 
rest of the bone, — a sort of after-growth ; which is precisely the 
case. In the foetus there is no meatus, but simply a ring of bone 
forming three-fourths of a circle, the deficiency being at the upper 
part. This ring is ossified independently about the third month, 
is quite distinct from the other parts, and to it is attached the 
membrane of the drum of the ear (membrana tympani) ; so that 
at this early period it might be rudely compared to a hoop with a 
membrane stretched across it. In many animals this remains per- 
manently a distinct bone, under the name of the * tympanic bone.' 
(Plate XVIII. fig. 5.) In process of time, however, the hoop 
begins to grow out on its external side, and thus becomes a canal 
or meatus, which, as it grows longer, gradually coalesces with the 
other constituents of the bone. 

Respecting the shape of the passage, observe that it is oval, 
with the long diameter nearly vertical; therefore all specula 
used for examining the ear ought to be of the like shape. The 
narrowest part of the passage, in the recent state, is about the 
middle ; hence if a foreign body, such as a pea, happen to get into 
the ear, it is generally pushed through the narrow part by climisy 
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efforts to extract it, and then the moisture of the ear causes it to 
swell, and makes its extraction most difficult and painful. A boy, 
eight years of age, had a grain of Indian com thrust into his ear 
by one of his schoolfellows. The schoolmaster, in his wisdom, 
endeavoured to remove it by attaching a piece of wax to the end 
of a stick, and thrusting it into the passage. Four days after- 
wards, the boy was brought, with his ear in a state of acute in- 
flammation, to the doctor, who eventually succeeded in extracting 
the grain by means of a * curette,' with the point bent to a right 
angle. The grain of com had increased to one-third more than 
its natural size.*^ 

Petrous Portion: Anterior Sorfltce.— The anterior sur- 
face (Plate IX. fig. 2) of the petrous portion forms part of the 
middle cerebral fossa which lodges the middle lobe of the brain, 
and bears more or less marks corresponding to the convolutions. 
About the middle of it is a little eminence, indicating the position 
of the * superior semicircular canal ' (a part of the internal ear). 
More forward, is a small furrow leading to an opening termed the 
^hiatus Fallopii,' which transmits the 'great petrosal' nerve. 
Immediately to the outer side of this is a smaller furrow and 
opening, which gives passage to the ' lesser petrosal nerve.' Near 
the apex is a depression for the * Gasserian ganglion.' External to 
this is the termination of the 'carotid canal.' Lastly, at the 
angle where the squamous and petrous portions meet (Plate IX. 
fig. 1), you will observe two tubes running backwards parallel to 
each other, like a double-barrelled gun (except that they lie one 
above the other) : they both lead to the tympanmn. The upper 
of the two is the canal for the ' tensor tympani ' muscle ; the 
lower, which is by far the larger, is the Eustachian tube, or passage 
which conducts the air from the pharynx to the tympanum. The 
thin partition separating the two barrels is called the ' processus 
cochleariformis.' 

Petrous Portion i Posterior Sor&ce.— The posterioi' sur- 
face of the petrous portion forms part of the posterior fossa of the 
base of the skull. (Plate XIX.) The most prominent object upon 
it is the * meatus auditorius int emus' (Plate VIII. fig. 2), a large 
canal which runs nearly horizontally outwards, and transmits the 
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* seventh pair' of nerves, consisting of the auditory nerve (portio 
mollis), and the motor nerve of the {ace (portio dora). It also 
transmits the auditory artery, a branch of the basilar. The 
meatus is much larger than the nerves which it transmits, the 
space between them and the bony canal b^g filled by a fluid 
(cerebro-spinal), which surrounds and supports the brain. In 
fractures through the base of the skull involving the meatus, the 
fluid sometimes oozes out through the external ear: this, there- 
fore, is regarded as a very grave symptom in cases of injuries to 
the head. A transverse section near the bottom of the meatos 
would show that it is divided by a small ridge of bone into two 
unequal parts, as seen in fig. 13. In the upper and smaller of the 
two is the commencement of a special canal (aquEeductoB Fallopii) 




for the motor nerve of the face ; in the lower there are several 
minute apertures arranged in a spiral form (lamina cribrosa), 
through which the fibres of the auditory nerve reach the internal 
ear. About a quarter of an inch behind the meatus is a slit-like 
opening which looks backwards, and is termed the ' aqtusductus 
vestibuH.' This, though about a quarter of an inch long, soon 
contracts so much that it will barely admit a bristle. It leads to 
the vestibule of the internal ear. Immediately below the meatus 
there is a conical pit, which is wide at first, but gradually con- 
tracts to a minute canal, leading to the cochlea, termed the 
* aquceductvs cochlece' These minute * aqueducts ' leading to the 
internal ear sometimes transmit small blood-vessels. 

PstTooa rortlon i Xnforlor Snrfiaoa. — The vnferiar sur- 
face of the petrous portion presents an irregular aspect, and has 
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many holes in it (Plate IX. fig. 1). Beginning near the base, 
notice, first, the * styloid process,' so called from its resemblance 
to an ancient. * style,' or pen. It is, originally, distinct from the 
rest of the bone, but gradually coalesces with it at the end of the 
third year. This long * process ' descends with a slight inclina- 
tion forwards, and gradually tapers to a sharp point. Its length 
varies in different skulls ; generally it is about half an inch 
long. In old skulls it is sometimes longer : there is a skull in 
the Museum of St. Bartholomew's Hospital which has a styloid 
process three inches long. It gives origin to three muscles and two 
ligaments. The muscles are for the movement of the tongue and 
pharynx ; they arise as follows : — the * stylo-pharyngeus,' from the 
inner side of the base ; the ' stylo-hyoideus,' from the middle and 
outer aspect ; and the * stylo-glossus,' from the front of the pro- 
cess (Plate VIII. fig. 1). To the tip itself is attached the * stylo- 
hyoid ligament,' which runs downward and forward to the lesser 
comu of the os hyoides. The styloid process is nothing more than 
ossification of part of this ligament. The other ligament attached 
to the process is the * stylo-maxillary,' which separates the sub- 
maxillary from the parotid gland. Lastly, the fore part of the 
root of the styloid process is surrounded by a kind of bony 
sheath, termed the * vaginal process,' about which there is 
nothing to be remarked except that it is a continuation of 
the plate of bone which forms the hinder part of the glenoid 
cavity. 

Between the mastoid and styloid processes is a hole termed 
the * stylo-mastoid foramen.' (Plate IX. fig. 1.) It gives exit 
to the motor nerve of the face (portio dura), which entered the 
bone at the meatus auditorius intemus. The stylo- mastoid artery, 
a branch of the posterior auricular, enters at this foramen, and 
supplies the tympanum. If you introduce a stiff bristle into the 
hole, you will probably succeed in passing it through the bony 
canal traversed by the nerve from its entrance to its exit. The 
canal is a complete tube of bone, called the * aquaeductus Fallopii ' ^ 
after the anatomist who first described it. (Plate LIX.) The pas- 
sage of this nerve through the temporal bone renders it liable to 
be injured in fractures of the base of the skull, or in disease of 
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the ear ; and this explains the paralysis of one side of the face 
which sometimes occurs under these circumstances. 

On the inner side of the stylo-mastoid foramen is a deep 
depression termed the * jugular fossa.' This, with a corresponding 
part of the occipital bone, forms the * foramen lacerum posterius.' 
(Plate XX.) Here the lateral sinus pours its blood into the 
commencement of the internal jugular vein, which forms a great 
bulge and fills the fossa. Here also the eighth pair of nerves 
leaves the skull (through a little notch in the front part of the 
foramen lacerum) ; and here, one of the posterior meningeal ar- 
teries, a branch of the occipital, enters it. On the outer wall of the 
jugular fossa, near the root of the styloid process, we find the minute 
foramen which transmits the auricular branch of the pneumogastric 
nerve. In firont of the jugular fossa is the large circular com- 
mencement of the canal in the petrous bone, through which the 
carotid artery enters the skull (* carotid canal '). The canal mounts 
nearly perpendicularly for a short distance, and then, tumii^ 
forward and upward, emerges at the apex of the bone. On 
the plate of bone which separates the jugular fossa from the 
carotid canal, there is a minute foramen which transmits the tym- 
panic branch of the glosso-pharyngeal nerve.** Near the apex is a 
rough surface which gives origin to the * tensor tympani ' and 
* levator palati ' muscles. The apex itself presents nothing more 
than the termination of the carotid canal, and helps to form one 
of the boundaries of the jagged hole at the base of the skull, 
termed the ' foramen lacerum medium.' (Plate XX.) 

Along the sharp border between the anterior and posterior sur- 
faces of the petrous portion remark the groove for the ' superior 
petrosal sinus,' which discharges itself into the lateral sinus. The 
faintly indicated groove along the fore |)art of the lower border of 
the posterior surface is for the ' inferior petrosal sinus.' The near- 
ness of these venous channels to the cavity of the tympanum 
explains the bleeding firom the ear which sometimes occurs in frac- 
tures nmning through the petrous portion of the temporal bone. 

Conneotlona. — The temporal is connected with five bones. 
The squamous portion is connected to the parietal bone and the 
great wing of the sphenoid bone by the * temporo-parietal ' and 
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■^temporo-sphenoidal' sutures, concerning which the following 
mechanism must be noticed; namely, that the squamous part 
overlaps the parietal above, but is itself overlapped by the sphenoid 
below — an arrangement which greatly contributes to the security 
of the arch of the skull. The mastoid part is connected, above, to 
the posterior inferior angle of the parietal by the * masto-parietal ' 
suture, and, behind, to the occipital by the * masto-occipital ' 
suture. The petrous part is wedged into the base of the skull 
betweeti the sphenoid and occipital bones. (Plate XIX.) The 
zygomatic process is connected to the malar bone by a strong 
suture, the * zygomatic,' which slopes downwards and backwards. 
Lastly, the glenoid cavity articulates with one of the condyles of 
the lower jaw. In the living subject, an inter-articular fibro- 
cartilage, lined above and below by synovial membrane, separates 
the two articular surfaces, and protects this part of the skull from 
the effects of a blow under the lower jaw. 

Osflifloation. — ^The temporal bone is developed from four 
centres of ossification; namely, one for each of the following 
parts : — ^the squamous, including the zygoma ; the petrous and 
mastoid, or periotic bone ; the tympanic or processus auditorius ; 
and lastly, the styloid process. Some of these remain permanently 
distinct bones in many of the lower animals ; and it is worthy of 
remark, that even in the human subject traces of the union of all 
are visible even in advanced age. The most curious development 
is that of the tympanic part ; it is a simple ring of bone in 
the foetus, grooved inside for the attachment of the membrana 
tympani, which eventually grows out so as to form the meatus 
auditorius. (Nor. Hum. Ost. Nos. 34 and 43.) In the foetus, the 
mastoid part is very small, and gradually enlarges towards puberty 
by the formation of the mastoid cells. The styloid part is for 
a long time cartilaginous after birth, and ossifies slowly with age. 
The ossification of the squamous part commences about the eighth 
week of foetal life ; of the petrous and mastoid, between the fifth 
and sixth months ; of the tympanic ring, about the third month ; 
of the styloid process, after puberty. 

&igrlit or Xielt r — The bone will be in the same position as 
the corresponding one in the student's body if he hold the petrous 
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portion (on which part of the brain lies) inwards ; the zygoma 
(which articulates with the malar) forwards, and the glenoid 
cavity downwards. 

ComparatiTe Osteology. — In white men the temporal bone 
very rarely articulates with the frontal, but this abnormality ap- 
pears to be less rare in some coloured races. In the Hum, Ost, Ser. 
it may be seen in four skulls of natives of New Caledonia, Nos. 
1159, 1160, 1161 and 1146 ; in two AustraUan skulls, Nos. 1088, 
1071, as well as in two remarkably long skulls in the General 
Ost. Ser. Nos. 126, 127. Some of these abnormalities may be 
explained, by referring to Plate XVIII. fig. 5, in which it will be 
seen that where these bones meet, is the anterior lateral fonta- 
nelle. Here there is occasionally developed a small Wormian bone 
called the *Epipteric bone.' (General Ost. Ser. No. 116.) If the 
epipteric bone unite to either the sphenoid or parietal, the 
articulation is normal, but if to the frontal or temporal, it 
is abnormal ; in the Orang Outan the temporal bone articulates 
with the frontal normally, and this is also the case in nearly all 
the monkeys. 

It seems curious that the Howling Monkey (Mycetes laniger) 
has these articulations similar to those of man. 

Notice the immense zygomatic arch in the skeleton of the 
manatee. (No. 2647.) 

In crocodiles the tympanic cavity is completely walled in by 
bone; so that they hear by vibrations communicated through 
bony substance. 

In all the Mammalia, and in them alone, the lower jaw articu- 
lates directly with the temporal bone. By referring to No. 12 in 
the Nor. Hum. Ost. the tympanic bone and membrane in the 
foetus may be seen at the base of the skull. The fissura Glaseri 
is open widely, and the processus gracilis of the malleus lies in it. 
In all Mammalia the malleus remains very small and becomes cut 
off from the glenoid cavity by the outgrowth of the tympanic 
bone ; but in birds (see Sep. Ser.) the malleus becomes largely 
developed, projects between the squamous and tympanic bones, 
and, under the name of * quadrate bone,' comes to support and 
form the articulation for the lower jaw. 
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SPHENOID BONE. 
(Plates X., XI.) 

Oonstitaeiit Parts. — The sphenoid bone is so called because 
it is wedged in at the base of the skull between all the other bones 
of the cranium (<r0^i/, a wedge, alSoSy form). As it not only 
enters into the formation of the base of the skull, the orbits, the 
temples, and the nasal passages, but is connected with all the 
bones of the cranium, and many of those of the face, one cannot 
be surprised that it is a diflBcult bone to understand. For- 
tunately, it bears a remarkable resemblance to a bat with extended 
wings; so that we can shape our description accordingly. It 
presents, then — 1. A body, or central part ; 2. The two greater 
wings ; 3. The two lesser wings ; 4. The pterygoid processes, 
which make the two legs of the bat. 

Body I fbnr Surfitces. — Commencing with the body, we must 
examine its four sur£su;es — a ' superior,' and * inferior,' an * an- 
terior,' and a * posterior.' 

The au/perior surfeu^e of the body (Plate X. fig. 1) comprises 
what is seen of the body on the inside of the base of the skull. 
There is a deep depression in it, termed the * pituitary fossa,' 
which lodges the * pituitary ' body.^ Another name given to it is 
the * sella turcica,' from its resemblance to a Turkish saddle. In 
front of it is an eminence, termed the * olivary process,' from 
its olive-like shape. This process supports the commissure of 
the optic nerve which makes a slight transverse groove (the 
* optic groove ') upon it, leading on each side to the ^ optic 
foramen ' through which the nerve enters the orbit. In front of 
the olivary process is a smooth and slightly concave surface, which 
supports the roots of the olfactory bulbs, and terminates in the 
middle line in the * ethmoidal spine,' which articulates with the 
ethmoid bone. 

£ach side of the * body ' is more or less distinctly marked by a 
broad groove which winds upwards in a gentle curve, and lodges 
the internal carotid artery as it passes through the 'cavernous 
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sinus ' after entering the skull ; generally, a little tubercle, called 
the ' middle clinoid process,' rises from the side of the groove. 
In some skulls this tubercle is long enough to unite with the apex 
of the anterior clinoid process, so that the artery, in emerging from 
the groove, passes through a ring of bone. The two * clinoid ' 
processes on each side give attachment to the * tentorium cere- 
belli.' The pituitary fossa is bounded behind by a square plate 
of bone, which, as it represents the back of the saddle, is termed 
the ' dorsum sellae.' The comers of this plate project and form 
what are called the * posterior clinoid processes,' — thus named firom 
their fancied resemblance to bed-posts. These are directly opposite 
to the ' anterior clinoid processes,' of which we shall speak pre- 
sently. The posterior surface of the plate slopes very obliquely 
backwards, is continuous with the basilar process of the occipital 
bone, and forms an inclined plane which supports the *pon8 
Varolii.' Lastly, in the side of the plate there is generally a 
notch which transmits the sixth nerve. 

The posterior surface of the body is connected with the 
basilar process of the occipital bone, in young subjects by carti- 
lage, in adults by bone, so that after a certain age it is impos- 
sible to separate the * basilar suture' without the saw. The 
section shows well the structure of this part of the base of the 
skull ; namely, two plates of compact bone separated by about -^ 
of an inch of cimcellous tissue or ' diploe.' Thus the bone is light 
imd shocks transmitted to the base of the skull are broken. 
(Plate XI.' fig. 1.) 

Comua Sphenoidalla. — The anterior surface of the body 
(Plate X. fig. 2) fits the posterior part of the ethmoid bone. 
It presents in the middle line a perpendicular plate of bone termed 
the * rostrum.' This forms part of the bony septum of the nose, 
and is connected in front with the perpendicular plate of the 
ethmoid bone, and below with the vomer ; as may be seen in 
Plate XXIII. fig. 1. The surface of bone on each side of the rostrum 
is completed by two plates of bone, one on each side, termed the 
^cornua sphenoidalia' or * sphenoidal turbinated bones.' Al- 
though apparently integral parts of the sphenoid, yet these little 
bones are formed each from a special centre of ossification, are 
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distinct in early life, and remain separable till adult age. The 
annexed drawing (fig. 14) shows the ^ comua sphenoidalia ' removed 
in a perfect state. The rostrum of the sphenoid would fit into 
the i?ap between them. Each cornu is trian- 

Fio. 14. 

gular with the apex downwards. Each com- 
pletely walls in the sphenoidal cell of its own 
side, except at the upper part, where there is a 
round opening in the base of the cornu which 
admits air firom the upper meatus of the nose. 
Fiir. 16 represents one of the comua seen firom 

^ ^ COBNVA SPHENOIDALIA. 

the surface towards the sphenoidal cell. It 

shows the thin scales of bone which project into the cell and assist 

in lining its walls. However, it is right to state that these 

comua sphenoidalia are rarely met with perfect. In p,Q j^ 

consequence of their coalescence with the sphenoid, 

ethmoid, and palate bones, they are generally broken in 

the process of separation, so that there appears in 

most sphenoid bones a large irregular hole leading 

into the cell ; as shown on one side of Plate X. 

fig. 2. 

Spbenoidal Cells. — Next come the ^sphenoidal cells' or 
sinuses. These are large air cavities in the body of the sphenoid, 
generally two in number, and separated by a more or less com- 
plete perpendicular partition. (Plate XXIII. figs. 1 and 2.) Like 
the other air-cells in the bones of the skull, they are not developed 
in young subjects ; but in the adult they gradually become large 
enough to excavate the whole body of the bone. The air is 
admitted freely into them from the upper meatus of the nose 
through an opening in the front wall of each sinus ; and they are 
lined with a prolongation from the nasal mucous membrane. This 
communication of the sphenoidal cells with the nasal cavities 
explains how bleeding from the nose may occur as a symptom 
of fracture through the base of the skull, — that is, through 
the body of the sphenoid. 

Lastly, the sides of the anterior surface of the body are 
hollowed out into two or three small air-cells, one below the other, 
(Plate X. fig. 2.) Of these, the upper, one or more, are roofed 

p 
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in by corresponding cells of the ethmoid bone ; and the lower by 
a corresponding cell in the orbital process of the palate bone. 

The inferior surface of the body (Plate XL fig. 1) assists in 
forming the roof of the nasal fossse ; and the posterior part of this 
surface, continuous with the basilar process of the occipital bone, 
looks towards the upper part of the throat, and may therefore be 
called the * guttural ' surface. A portion of the vertical plate or 

* rostrum ' is seen here also. Observe that it is expanded a little 
towards it« base. Now it is this lower part of the rostrum which 
is connected with the vomer, and the mode of connection is rather 
singidar. The rostrum fits into a deep cleft between the two 
plates or * wings ' of the vomer, and thus serves as a foundation from 
which this bone passes forwards and forms the septum of the nose. 
But the chief thing to notice on this sur&ce is a process or scale 
of bone which projects horizontally inwards, on each side, from the 
base of the internal pterygoid plate. These are termed the 

* vaginal processes,' and their free edges rise just enough to allow 
the edges of the vomer to slide beneath them. This is another 
contrivance which fixes the vomer. I^astly, each of these plates 
is traversed by a small groove, or perhaps a complete canal, 
termed the * pterygo-palatine canal,' which transmits the pterygo- 
palatine artery, and a posterior branch (the j^haryngeal nerve) 
from the spheno-palatine ganglion. The artery is a branch of the 
internal maxillary, runs from before backwards, and supplies the 
top of the pharynx and the Eustachian tube. 

So much for the anterior, posterior, superior, and inferior sur- 
faces of the body of the sphenoid. All that we have to remark 
concerning the sides of the body is, that they are grooved for 
the carotid artery, and that the smooth plate of the body in frt>nt 
of the sphenoidal fissure contributes to form a part of the inner 
wall of the orbit. (Plate XXII.) 

Xiesser Wingrs* — The lesser wings (or orbito-sjAenoids) pro- 
ject transversely from the upper part of each side of the body. 
(Plate X. fig. 1.) Their upper surface is smooth and flat, and 
supports the anterior lobes of the brain ; their lower surface over- 
hangs the sphenoidal fissure, and forms the back jiart of the roof 
of the orbit : hence they are sometimes called the ' orbital wings.' 
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Their anterior margins are serrated and articulate with the 
•orbital plates of the frontal bone ; their iK)sterior margins are free, 
and in life fit into the great fissure (of Sylvius) between the an- 
terior and middle lobes of the cerebrum. Their base is traversed 
by the * foramen opticimi,' through which pass the optic nerve and 
ophthalmic artery into the orbit. This foramen should be de- 
scribed rather as a short canal directed outwards and forwards. 
Towards the * sella Turcica ' each wing projects considerably in the 
form of a blunt angle, termed the * anterior clinoid process ; ' and 
between this and the body of the sphenoid there is either a deep 
notch or a complete ring for the internal carotid artery. 

Oreater Wingrs- — The * greater wings,' sometimes called the 
^temporal' (or alisphenoids), project from the lower part of each 
side of the body. Each wing presents three surfaces, which respec- 
tively enter into the formation of the base of the cranium, the orbit, 
and the temple. The * cerebral surface ' is concave, and marked 
by the convolutions of the middle lobe of the brain. The ' orbital 
surface ' is a smooth quadrilateral plate which forms more than 
half of the outer wall of the orbit. (Plate XVI. fig. 2.) Of the 
four borders of this plate, notice that the superior articulates with 
the frontal bone, and the anterior with the malar bone ; while the 
posterior enters into the formation of the ' sphenoidal fissure ' and 
the inferior into the * sphenomaxillary ' fissure. The ' temporal 
surface ' is divided into two unequal parts by a transverse ' crest ' 
of bone ; of these, the upper and larger one forms part of the tem- 
poral fossa, and gives origin to jiart of the temporal muscle: 
the lower one, which is more horizontal, forms part of the 
zygomatic fossa, and gives origin to one head of the 'ptery- 
goideus extemus.' The posterior angle of the gi*eat wing ter- 
minates in a sharp process tarmed the * spinous process,' which 
fits into the angle between the s^juamous and petrous portions of 
the temporal bone, and gives attachment to the internal lateral 
ligament of the lower jaw, as well as origin to the * laxator tympani ' 
muscle. 

Spbenoidal Fissure. — The greater wings are separated from 
the lesser by a broad and long fissure, termed the * sphenoidal 
iissure,' which leads from the cranial cavity into the orbit, and 

F 2 
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transmits nerves to the eye and its appendages. The sphenoidal 
fissure gives passage to the third and fourth nerves, to the first 
or ophthalmic branch of the fifth, the sixth, a few filament.s 
of the sympathetic nerve, and also to the ophthalmic vein. Im- 
mediately below the inner end of this fissure is the * foramen 
rotundum,' which transmits the superior maxillary division of 
the fifth nerve. Farther back and more external is the * fora- 
men ovale,' which transmits the inferior maxillary division of the 
fifth nerve, the lesser petrosal nerve, and the small meningeal 
branch of the internal maxillary artery. Near the spinous process, 
is the ' foramen spinosum,' through which the ' arteria meningea 
media' enters the skull. Besides the foramina in the greater 
wing, there is often one (near the outer edge of the sphenoidal 
fissure) which leads into the orbit, and transmits a branch of the 
middle meningeal artery. There is oft^n another between the 
foramen spinosum and the foramen ovale, through which a small 
vein passes ; this is termed the * foramen Vesalii.' 

Ptenrgroid Prooesses. — ^The * pterygoid processes ' descend 
nearly perpendicularly from the under part of the bone, — one ott 
either side, and act as buttresses which support the upper jaw 
bones. Each process consists of two parts termed the * internal ^ 
and * external pterygoid' plates. These are united in front, but 
diverge from one another behind, forming a deep interval called 
the 'pterygoid fossa.' At its lower part the 'pterygoid fossa '^ 
presents a deep notch which in the complete skull is filled up by 
the tuberosity of the palate bone. The external plate is broader 
than the internal and gives origin to the * pterygoideus extemus *" 
and the ' pterygoideus intemus ' muscles on its external and in- 
ternal surfaces respectively. These muscles cause the grinding 
movement in mastication. Its outer surface also forms the floor 
of the zygomatic fossa. Respecting the internal pterygoid plate* 
observe that it forms the lateral and part of the superior boundary 
of the posterior opening of the nose, and that it has a crescent- 
shaped margin above, leaving room for the cartilage of the 
Eustachian tube. At the root of this plate is a shallow groove 
called the ' scaphoid fossa,' which gives origin to the * tensor 
j)alati ' muscle, the tendon of which plays round a notch on the 
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*hamular' process at the end of the internal pterygoid plate. 
Behind the last molar tooth of the upp?r jaw we can distinctly 
feel this hamular process. Lastly, through the base of the internal 
pterygoid plate, a long canal, the * pterygoid ' or ' Vidian,' runs 
from before backwards, and transmits the ' Vidian ' ^ (* great 
:l)etro8al') nerve and artery. 

Ijook now at the anterior aspect of the pterygoid process, 
and obser\'e a plate of bone, standing off like a side buttress 
which connects it with the greater wing. The plane of this 
plate forms a smooth surface, termed the * spheno-maxillary,' 
and nearly corresponds in direction with that of the * orbital 
surface' of the greater wing. (Plate X. fig. 2.) We draw 
fecial attention to this plate, and give it the special name of 
spheno-maxillary surface because it constitutes the posterior wall 
of a deep fossa, termed the * spheno-maxillary,' which, in the 
perfect skull, intervenes between the sphenoid and superior 
maxillary bones. 

ConneotionB. — The sphenoid is connected with twelve bones, 
including all those of the cranium and five of the face. The Mxxiy ' 
is connected behind with the occipital bone by the basilar suture ; 
in front with the ethmoid bone, the two palate bones, and the 
vomer. The ' lesser wing ' is connected to the orbital plate of the 
frontal bone : the ' greater wing ' is connected to the orbital plate 
of the frontal by a rugged surface of considerable extent, to the 
anterior inferior angle of the parietal ]3one, to the squamous and 
petrous parts of the temporal bone; and to the malar bone. 
Lastly, the pterygoid processes are connected with the palate 
bones.^^ 

Ossifioatlon. — In the early foetus the sphenoid bone consists 
of several parts. The posterior part of the body, termed by 
scientific anatomists the ' basisphenoid ' or 'post-sphenoid,' is 
ossified from two centres, placed side by side in the sella Turcica. 
Later on another pair of centres (one on each side of the former) 
appear, making in all four for the basisphenoid part. 

The greater wings, termed ' alisphenoids,' have each a distinct 
centre, from which the external pterygoid plates are also ossified. 

The front part of the body, termed * presphenoid,' has two 
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centres ; its lesser wings (orbito-sphenoids) each have one ossific- 
nucleus. 

Lastly, the internal pterygoid plates and the sphenoidal tui*bi- 
nated bones have each their separate nucleus of ossification. The 
bone then as a whole has fourteen centres. 

As the preceding description may appear a little confusing to. 
a beginner, the following plan will explain it better, and at the 
same time refresh the memory on the chief elements of the entire 
bone.*® 



Plan of the Ossific Centres of the Sphenoid Bone. 
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ComparatlTe Osteologrj. — The top of the great wing of the 
sphenoid, passing up between the frontal and temporal bones> 
articulates with the anterior inferior angle of the parietal bone.. 
The union of these two bones separates the temporal from the 
frontal. In those types of men where the forehead slopes baekwardi^, 
these bones approximate, and in some cases actually articulate with 
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each other. (Nor. Hum. Ost., Nos. 1159, 1160, 1161, and 1146.) 
The size and strength of the external pterygoid plate bear a direct 
relation to the development of the pterygoid muscles which cause 
the grinding movements of mastication ; consequently, it is highly 
developed in ruminants (see skulls of the deer and ox). 

In old skulls the sphenoidal cells often extend into part of the 
basilar process of the occipital bone. In the chimpanzee the 
sphenoidal cells extend far into the alisphenoid and pterygoid 
bones. 



THE ETHMOID BONE. 
(Plate XI. figs. 2 and 3.) 

Constitaent Parts. — ^This remarkably light and spongy bone 
contains the organ of smell. It occupies the interval between the 
orbital plates of the frontal bone, and enters into the formation 
of the cranium, the orbit, and the nose. It appears, at first sight, 
cpmplicated ; but it is simple when one understands the plan of 
it. It consists of a horizontal plate, which forms part of the 
base of the skull ; of a central perpendicular plate which forms part 
of the septum of the nose ; and of two ' lateral masses ' containing 
the air-cells. Each of these must be examined separately. 

Cribriform Plate. — ^The horizontal plate fits into the ^ notch' 
between the orbital plates of the frontal bone ; and completes the 
anterior fossa of the base of the skull. (Plate XIX.) It is 
called the * cribriform plate ' {cribmrriy ijOfios^ a sieve), because it 
is perforated by holes for the passage of the olfactory nerves. 
High above it rises a crest of bone, termed, from its resemblance 
to a cock's comb, the ' crista galli.' This, which is a continuation 
of the perpendicular plate, gradually rises from behind, swells out 
as it proceeds, and stopping suddenly short, presents a broken 
edge which is connected to the frontal bone. 

The * crista galli' serves for the attachment of the *fiilx 
cerebri.' It varies in size, and has often a slight lateral inclination. 
Sometimes it contains an air-cell. The cribriform plate does not 
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come up to the level of the lateral masses, but lies at the bottom 
of a deep groove (' olfactory groove '), which, being divided by the 
crista galli in the middle, forms in the perfect skull two recesses 
which lodge and support the olfactory lobes of the brain. The 
foramina at the bottom are arranged on each side in three some- 
what irregular rows, — an outer, an inner, and a middle. Pass 
bristles down these holes, and you will find that the inner and the 
outer rows lead respectively to the * olfactory canals ' on the per- 
pendicular plate and the upper spongy bones ; while the middle 
holes run simply through the cribriform plate. These three rows 
of holes correspond to the three sets of olfactory nerves : namely 
those that ramify on the septum, those that ramify on the spongy 
bones, and those that supply the roof of the nose. (Plate XXIII. 
figs. 1 and 2.) Close to the front of the * crista galli ' is a long 
* slit,' rather than a hole, which gives passage to the * nasal nerve' 
(a branch of the first division of the fifth pair), which confers 
common sensation upon the mucous membrane as well as the skin 
of the nose. 

Perpendloalar Plate. — The perpendicular plat« descends 
from the cribriform plate and assists in forming the septum of tlje 
nose. Notice the numerous grooves and canals on its surface, for 
the passage of the olfactory nerves. Its connections are well 
shown in Plate XXIII. fig. 1 . Behind, it is connected along a sloping 
line with the ' rostrum ' of the sphenoid and the vomer : in front, 
it is connected with the nasal spine of the frontal and the crest of 
the two nasal bones, of which it mainly supports the arch. The 
triangular gap in the septum in the dry skull is filled up, in the 
recent state, by the central cartilage of the nose. 

Ziateral XaiuMS. — ^The ^ lateral masses ' of the ethmoid (fig. 
16) are made up of irregular air-cells, surrounded by paper-like 
walls of bone, lined by mucous membrane continuous with that of 
the nose. The cells are divided into two sets, — an anterior and 
a posterior ; and the cells of one set do not commimicate with 
those of the other. In the separated bone many of the cells are 
necessarily opened, because their walls, in the perfect skull, are 
completed by the adjoining bones. Thus, the front cells on the 
upper surface are roofed in by corresponding cells in the orbital 
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Fig. 16. 




TRANSYBRSB SBCTION, TO SHOW THB LATERAL 
AIK CKLLS OF THE ETHMOID BONE. 



plate of the frontal ; those at the back of the bone are closed by 
the body of the sphenoid • and the orbital process of the palate 
bone ; those in front of the bone are walled in by the lachrjonal ; 
those below, by the superior maxillary bone. On the outer side 
of each lateral mass the 
cells are closed by a smooth 
and square plate of bone, 
termed the ' os planum,' be- 
longing entirely to the eth- 
moid. This forms a large 
share of the inner wall of 
the orbit (Plate XXII.), 
where it is easy to learn its 
connections with the sur- 
rounding bones, by tracing 
the sutures between them. 
Lastly, notice the two notches 
on its upper border, which, 
with the frontal, form the * anterior and posterior ethmoidal 
foramina.' The 'anterior' transmits the nasal nerve and the 
anterior ethmoidal vessels ; the ' posterior ' gives passage to the 
posterior ethmoidal vessels. 

Tarblnated Bones and Meatus. — On the inner aspect of 
the lateral mass we observe two thin plates of bone standing out, 
one below the other, and slightly curled, like a turbinated shell. 
These are the turbinated' or * spongy' bones of the ethmoid 
(Plate XI. fig. 3), and can be properly seen only in a di\'ided 
skull. The * superior ' is the smdler of the two, and does not 
reach so far forward as the other, which is called the * middle,' 
because there is a third or ' inferior turbinated ' bone, still lower 
down in the nose ; but this does not belong to the ethmoid. Now 
the spaces left between these turbinated bones and the lateral 
masses are called respectively the superior and middle 'meatus,' or 
passages of the nose. Each is distinct from the other, and leads to 
its own particular cavities, and to no other. The superior meatus, 
being farther back than the middle, leads into the sphenoidal 
cell, and into the posterior ethmoidal cells. The middle meatus 
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leads into the anterior ethmoidal cells, and also to the frontal 
cells, along a funnel-shaped canal ('infundibulum') which traverser 
the foremost of the ethmoidal. (Plate XXIII. fig. 2.) 

IFnoifonn Process. — Lastly, from the anterior part of each 
lateral mass an irregular plate of bone descends almost perpen- 
dicularly, and terminates in a kind of hook ; hence it is called 
the ' unciform ** process ' (Plate XI. fig. 3). By referring to 
Plate XXIII. fig. 2, it is seen that this process is connected with 
the inferior spongy bone, and with the thin walls of the * antrum ^ 
of the superior maxillary bone ; it chiefly assists in narrowing the 
orifice of this great air-cavity. 

Conneottons. — ^The ethmoid is connected with thirteen bones^ 
namely, — behind, with the sphenoid and two palate bones ; above, 
with the frontal ; below, with the two superior maxillary ; in front, 
with the two lacluymal bones. The perpendicular plate is con- 
nected behind with the vomer, and in front with the two nasal 
bones. Lastly, the unciform process on each side is connected 
with the inferior spongy bone and the superior maxillary. 

Osstfloation. — Until the middle of foetal life the ethmoid is 
all cartilage. Ossification begins about the fifth month, by a 
centre for each of the lateral parts, and gradually extends into the 
two upper turbinated bones (ethmo-turbinals). Within a year 
after birth another centre appears for the perpendicular and cribri- 
form plates (mesethmoid). An arrest in the progressive ossificf* 
tion of the perpendicular plate occasions a *pug nose.' In the 
foetus at birth there are no ethmoid cells ; these are not formed 
until the fourth or fifth year. 

ComparatlTe Osteologr j* — In man the rule is that there are 
three turbinated bones on each side ; sometimes there is a fourth, 
smaller than the rest, and higher up at the back part. This fourth 
bone is more frequently met with in some coloured races where 
the sense of smell is notoriously acute. 

The curled plates of the turbinated bones are covered by a 
very vascular membrane. The upper ones afford an extensive 
surface upon which the olfactory nerves are distributed after their 
passage through the cribriform plate. By the variation of the 
extent of surface of these bones it will be seen that the acuteness 
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of the sense of smell and the capability of warming the air on 
its way through the nose to the lungs are regulated. 

The sense of smell is remarkably keen in the deer tribe and 
cjimivora, and their spongy bones are developed in proportion. It 
is curious that they should both in a measure depend for a living 
upon the development of the same sense, the one to avoid its 
enemies, and the other to find its prey. 

The spongy bones on which the nerves of smell are distributed 
and those which are only covered by a vascular membrane, are. 
widely differentiated in their conformation in the lower animals. In 
the seal, for instance (Nos. 3934, 3935A), which inhabits the arctic 
regions and necessarily breathes intensely cold air, the inferior 
spongy bones subdivide into a multitude of plates and afford a vast 
surface on which is distributed a profusion of blood-vessels which 
warm the air before entering the lungs. The surface of these bones 
has been estimated at about 120 square inches in each nostril ; a 
longitudinal section of such a nostril has the appearance of being 
completely plugged by the convoluted warming plates of the 
lower spongy bone ; while those on which the olfactory nerves 
are distributed have a different form and are fiurther back and 
separated by a slight interval from the others. 

There is no ethmoid bone in serpents, but the olfactory fila- 
ments are spread out on a plicated mucous membrane. 
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BONES OF THE FACE. 

There are fourteen bones of the face ; namely, the two superior 
maxillary, the two malar, the two nasal, the two lachrymal, the two 
inferior spongy, the two palate, the vomer, and the inferior maxilla. 



SUPERIOR MAXILLARY BONE. 

(Pl-iTR XIL) 

Constltaent Parta. — ^This bone gives much character to the 
human face, and forms the greater part of its framework. It 
is exceedingly irregular in shape, and, besides forming sockets 
for the teeth, enters into the composition of the nose, the orbit, 
the cheek, and the palate. For convenience of description, we 
divide it into a ' body,' which is hollowed out into a large air- 
cavity, called the ' antrum,' and four outstanding ' processes ; ' 
namely, the * alveolar,' which holds the teeth ; the ' palatine,' which 
forms part of the hard palate ; the * nasal,' which assists in forming 
the nose ; and the * malar,' which helps to form the prominence of 
the cheek. 

Body I WallB of Antrum. — Let us take the 'body' first, 
and learn its various relations well, for it is a part of great sur- 
gical interest, being liable to many diseases requiring surgical 
operations. The first thing to observe is, that the walls which 
bound its cavity have four aspects : one — namely, the front — ^looks 
towards the cheek ; another, the upper, looks towards the orbit ; a 
third, the inner, looks towards the nose ; and a fourth, behind, 
looks towards the zygomatic fossa. Therefore, when a morbid 
growth forms in the antrum, and distends it, any one or more of 
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these walls may be protruded. They are all very thin, the orbital 
especially ; but it is worth remembering that they are thicker in 
the child than in the adult. 

Antmin i Anterior Wall. — The anterior wall of the ^ an- 
trum ' is that which is generally removed to take out a morbid 
growth from the interior, and through which we tap the antrum 
to let out pus, or any fluid that may have accumulated there ; 
cysts in the antrum being by no means uncommon. There is a 
depression in it, called the ' canine fossa ' a little outside the emi- 
nence of the canine tooth ; and above this is the ^ infra-orbital 
foramen,' or termination of the 'infra-orbital canal,' which transmits 
the ' infra-orbital' nerve and artery. The canine fossa gives origin 
to the * levator anguli oris.' Above the infra-orbital foramen arises 
the * levator labii superioris,' and more internally the * compressor 
naris.' 

Antrum i Posterior Wall. — The posterior wall of the antrum 
is convex, and bulges into the zygomatic fossa.^** There are 
several small holes in it, leading to canals (' dental canals ') which 
transmit the posterior dental branches of the superior maxillary 
nerve, and the superior dental branches of the internal maxillary 
artery. Ix)wer down it has a very rough surface, just behind the wis- 
dom tooth, called the * tuberosity,' by which it is firmly connected 
to the palate bone ; and along the inner edge of this surface (Plate 
XII. fig. 2) is a groove, which, with the perpendicular plate of the 
palate bone, forms the ^ posterior palatine canal,' for the passage 
of the descending palatine nerve and artery. 

Antrum : Superior Wall. — The superior wall of the antrum 
slopes downwards and outwards, and forms the floor of the 
orbit. Like the other walls of the antrum, it is thin enough to be 
translucent. Notice here the * infra-orbital canal,' for the passage of 
the superior maxillary nerve and infra-orbital artery. It commences 
behind as a groove, but soon becomes a canal, which terminates on 
the front wall of the antrum, just below the edge of the orbit. A 
little before its termination, the main canal gives off* one or some- 
times two smaller ones, not always visible, termed the * anterior 
dental canals.' These run down in the very substance of the front 
wall of the antrum, and transmit blood-vessels and nerves to the 
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two incisor, the canine, and the first bicuspid teeth. To see these 
canals it is necessary to introduce a bristle as a guide, and then 
to rasp away the front wall of the bone. Near the lachrymal 
groove may sometimes be seen a small depression, indicating the 
spot where the * inferior oblique ' muscle of the eye arises. This 
is the only muscle of the orbit which takes origin from the front ; 
all the others arise from the back part, around the optic foramen. 
In the perfect skull (Plate XVI.) observe that the upper wall or 
* orbital plate ' of the antrum is connected on its inner side with 
the lachrymal, ethmoid, and palate bones ; but that on its outer 
side it forms one of the margins of the ' spheno-maxillary fissure,' 
at the back of the orbit. 

Antrum i Zntemal Wall. — On the inner or ^ nasal wall ' of 
the antrum, the first thing to notice is the orifice of the antrum 
itself. (Plate XII. fig. 2.) In the separate bone, this orifice is 
very irregular, and large enough to admit the end of a finger ** ; 
but in the perfect skull (Plate XXII.) it is very much closed in 
by thin plates from the ethmoid, the palate, and the inferior 
spongy bones. In the recent state the orifice is generally 
so contracted by a fold of the mucous membrane of the nose, that 
it will only admit a crow-quill. The orifice is not near the 
bottom of the antrum, but very high up : the consequence of this 
is, that when fluid collects in the antrum it cannot run out until 
the antrum is nearly full, or until the head is inclined horizontally 
with the opposite cheek downwards. 

Antrum, Cavity of. — The * maxillary sinus,' or ' antrum,' *'^ is 
by far the largest of the air-cells in the bones of the head. It is 
lined by mucous membrane continuous with that of the nose, and 
is large enough to hold a musket-ball with ease. A ball has been 
known to lodge in the antrum for months, and even for years, 
before it was removed.^^ A ball once lodged for eleven years 
in the antrum, and finally made its way out through the 
roof of the mouth.^* However, it varies in size, and somewhat 
in shape, in different persons ; but, as a rule, it has the form of a 
triangular pyramid, with the base towards the nose, and the apex 
towards the malar bone. Thin plates of bone often project into 
the antrum, making a kind of recess or pocket here and there *^ ; 
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and the fangs of one or more of the molar teeth generally project 
into it, either quite bare, or covered by a thin scale of bone. 
Hence the practice, adopted by some surgeons, of drawing one of 
these teeth, say the first or second molar, to let out matter from 
the antrum. Again, the fangs of decayed or otherwise injured 
molar teeth are liable to set up disease in the antrum ; and this 
is the explanation commonly given why morbid growths arise in 
the antrum more frequently than in any other of the air-cavities 
of the nose. 

The following case gives a good idea of the extent of the 
antrum : — ' A lady suffering from tooth-ache submitted to the 
extraction of the canine tooth of the upper jaw, with which a por- 
tion of the alveolar process was removed, making an aperture in 
the antrum, from which a watery fluid constantly issued. The 
patient, desirous of ascertaining the source of the discharge, took a 
pen, and having stripped off the barbs from the feathered part, 
found that the whole of it, full six inches long, could be introduced 
into the cavity. At this she was greatly terrified, believing it must 
have gone into the brain. She consulted Highmore, who explained 
to her that the pen had turned spirally within the sinus, and he, 
besides, counselled her to submit with patience to the inconvenience 
of the discharge from the cavity.' ^^ 

Alveolar Process and Teeth. — The alveolar process is a 
thick and strong ridge of bone, curved so as to form with that of 
the other side the dental arch. It consists of two plates, an outer 
and an inner, connected by numerous septa which form the 
sockets (alveoli) of the teeth. The inner plate is the stronger; 
therefore, in drawing a tooth, care should be taken to incline 
it a little outwards. The outer plate is marked by eminences 
-corresponding to the fangs of the teeth ; the eminence of the 
canine tooth being especially marked. 

In a child, from the end of the second to the end of the 
sixth year, the half of each jaw contains sockets for five teeth, 
i.e. for two incisors, one canine, and two molars. 

The formula for the ' milk dentition ' is therefore — 

.2 + 2 1 + 1 2-*-2^^. ,, 
%.- — -, c. , m. -=20 mall. 

2 + 2 l + l' 2 + 2 
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The half of each jaw contains, in the adult, sockets for eight 
teeth ; namely, two * incisors,' one ^ canine,' two * bicuspids (or prae- 
molars)' and three * molars.' Thus the dental formula of the adult 
human skull is — 

.2 + 2 1 + 1 2 + 2 3 + 3 oo- n 
— ^-^ — ^^ ^-^ ,» P'^ — T^y w-^ — ;r = 32mall. 
2 + 2 1 + 1* -^2 + 2 3 + 3 

The eruption of the second or permanent set of teeth com- 
mences about the end of the sixth year. The first to appear is 
the first permanent molar, which is therefore called the six-year- 
old tooth, and is the oldest tooth in an adult's head. The 
presence of this tooth has been used as a test of age by medical 
inspectors iu giving certificates as to the fitness of children to 
work in factories.*^ 

Generally speaking, the twenty milk teeth are cut between the 
6th and 24th months, and the thirty-two permanent teeth between 
the 6th and 24th years.** 

Sockets of Teeth. — The sockets correspond in number and 
size to the fangs of the teeth they receive. They vary in depth 
in diflferent instances. The deepest of all is the socket of the 
canine tooth : this is often -^\ of an inch in depth in the dry bone. 
The first two molars of the upper jaw have three fangs each, and 
as many sockets. Of these fangs, two are external, one internal. 
In the last molar, or wisdom tooth, the fangs are generally 
consolidated into one. Irregularities in the shape and the direc- 
tion of the fangs, whether diverging too much or converging, lead 
to unavoidable evils when it is necessary to extract them. Either 
a feng breaks, or part of the alveolus must be extracted with the 
fang. One cannot foresee this. Hence it follows that, now and 
then, even the most skilful operators break teeth or extract por- 
tions of bone. At the bottom of each socket is a minute hole, 
through which the vessels and nerve come up and supply the 
pulp cavity ; a\id there are also numerous holes in the bony par- 
titions between the sockets, through which vessels supply the 
gums and the periosteum. These are the sources of the bleeding 
after the extraction of a t<:oth. The tetth are fixed, not only by 
the closely fitting socket, but also by the very vascular mem- 
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brane, the periosteum, which lines the socket and adheres closely 
to the fang. This periosteum not only retains the teeth in their 
places, but helps to maintain their vitality, and, being elastic, 
breaks shocks which would otherwise be communicated to the jaws* 
When the dental periosteum inflames, the tooth is partly lifted 
out of its socket, and the teeth cannot be clenched without pain. If 
the inflammation goes on to the formation of matter, the perios- 
teum quits its hold of more or less of the fang, and abscess in the 
socket is the result. The matter then makes its way out by the 
side of the tooth, or through a small hole formed by ulceration in 
the alveolar wall ; that is, a gumboil is the result. In the dry bones, 
most of the teeth fall out, because the periosteum shrinks, and 
thus the sockets become too large. 

The alveolar process gives origin to two muscles (Plate XII. 
fig. 1), namely, to the * buccinator' above the three molar teeth, 
and to the * depressor alse nasi ' above the incisor teeth, where 
there is a little depression, termed the * myrtiform fossa.' 

Vasal ProoeMi. — ^The nasal process ascends nearly perpen- 
dicularly, in a line with the canine tooth, and abuts, by means of a 
very rough suture, upon the internal angular process of the 
frontal bone. It supports the true nasal bones, and con- 
tributes to form the inner margin of the orbit. The principal 
point concerning the nasal process is the deep groove which runs 
almost vertically behind its orbital margin. It is called the 
* lachrymal groove.' In the perfect rfcull it is converted into a 
complete canal by a corresponding groove in the lachrymal bone 
and a small portion of the inferior spongy bone. The canal thus 
completed lodges the * lachrymal sac' and * nasal duct,' which 
convey the tears into the inferior ' meatus ' of the nose. It is 
about the size of a common goose-quill. When, from inflamma- 
tion or other cause — such as a tumour — ^the canal becomes 
obstructed, the tears necessarily flow over and run down the 
cheek. To obviate this, it is often requisite to slit up one of the 
lachrymal canaliculi, and introduce a probe into the nasal duct. 
Therefore one must know well the direction of the lachrymal 
canal. It runs from above downwards, and slightly backwards. 
On the outer surface of the nasal process is the prominent 
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ridge which forms the inner margin of the orbit. This gives 
origin to the ' tendo oculi ' or * palpebrarum ' and the * orbicularis 
oculi.' A little in front of this the * levator labii superioris et alse 
nasi ' arises. On the inner surface are the two ridges to which 
the inferior and middle spongy bones are attached, and also the 
smooth surfaces between the ridges which respectively form part 
of the inferior and middle ' meatus ' of the nose. Near the top 
the nasal process often closes in one of the anterior ethmoidal 
cells at the lower half. In front the nasal process presents a 
sharp crescent-shaped margin, which, vrith the similar one on the 
opposite bone and the nasal bones, bounds the anterior opening of 
the nose, and gives attachment to the lateral cartilage. 

Palatine Frooeu. — ^The palatine process extends horizontally 
inwards, and forms the anterior two-thirds of the hard palate, and 
the floor of the nose ; the posterior third being completed by the 
palate bone. It is slightly arched from before backwards, and is 
thicker in front, near the alveolus, tha^ behind. On the palatine 
surfiEUse (Plate XX.) can be seen — 1, the palatine groove for the 
descending palatine vessels and nerve; 2, the numerous foramina 
which transmit vessels into the bone ; and 3, the pits made by 
the palatine glands. The upper or nasal sur£Eice is smooth and 
slightly concave. By adjusting the two superior maxillary bones 
together, you find that the palatine processes are connected in the 
middle line by a very rough suture (palatine suture) ; and that 
they rise towards the nose in a crest, which articulates with the 
vomer, and forms the base of the bony septum of the nose. 
(Plate XXIII.' fig. 1.) This crest projects in front in the shape of a 
sharp spine (the * anterior nasal spine '), to which is attached the 
cartilaginous part of the septum. In this palatine suture, imme- 
diately behind the middle incisor teeth, we see the * anterior pala- 
tine canal.' (Plate XX.) Towards the palate this canal has, at first 
sight, only one large orifice ; but if we look to the bottom of it, 
we shall probably find four minute openings. Two of these ^^ lie 
in the middle line, one beliind the other, and transmit the naso- 
j)alatine nerves ; the other two much larger, are situated one on 
each side of the middle line ; they lead into the floor of each 
nostril, and transmit the anterior palatine arteries.'^^ 
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Xalar ProoeBB. — The malar process stands off from the 
outer side of the antrum. It is remarkably thick and strong, 
and is connected, by a very rugged triangular surface, with the 
malar bone. The malar process is situated just over the first and 
second molar teeth, and is therefore well calculated to resist pres- 
sure in mastication. When we crack a nut, we instinctively place 
it under these teeth. 

Conneotiona. — The superior maxilla is connected with nine 
bones, as follows : — With the malar, the frontal, the nasal, the 
lachrymal, the vomer, the inferior spongy, the palate bone, its 
fellow, and lastly, the ethmoid. We mention this bone last of all, 
because we wish to direct attention to a feet which we have hitherto 
omitted to notice, that some of its cells are closed in by half cells 
usually seen along the orbital plate of the superior maxillary bone. 
<Plate XII. fig. 2.) 

OMilfioatlon. — ^The ossification of the upper jaw begins about 
the seventh week of foetal life, and proceeds so quickly, that the 
number of its independent centres has not yet been accurately 
•determined. It appears to have five distinct centres : one for the 
:alveolu8 behind the incisors, one for the palatine process, one for 
the floor of the orbit and malar process, a fourth for the portion in 
front of the antrum with the nasal process, and lastly, a very dis- 
tinct centre,"*^ which includes the sockets of the two incisor teeth. 
In most human skulls, if not very old, one can trace the remains of 
the ' pre-maxillary ' suture. (Plate XX.) It runs outwards from 
the anterior palatine canal, and then through the alveolar border 
of the jaw, invariably between the second incisor and the canine 
tooth ; and here we lose all trace of it. This is interesting surgi- 
oally. In cases of double hare-lip, where the fissure is not con- 
fined to the lips, the pre-maxillary bones on each side fail to unite 
with the rest of the upper jaw, and often project in a hideous 
manner through the fissure of the lip. When removed by opera^ 
tion, these bones are always found to contain the capsules of the 
four incisor teeth.*' 

Rlgrht or Xielt ? — This bone will be in the same position as 
the corresponding one in the student's body, if he hold the nasal 

o 2 
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process (which articulates with the frontal) upwards, the opening- 
of the antrum inwards, and the incisor teeth forwards, 

ComparatlTe Osteoloflry* — ^The teeth which grow from th& 
pre-maxillary bones are called incisors. On a close inspection 
of the narwhal hanging in the Mus, Eoy, Coll. Surg, the sharp- 
spiral tusk will be found to spring from the left pre-maxillary 
bone. It is therefore the left incisor tooth. The right one 
usually remains undeveloped ; but there is a specimen in the 
Cambridge Museum where both are of full length. Evidence of 
the narwhal's power of offence or defence is given by the tusks 
having been found buried to a depth of ten or twelve inches in 
the timbers of ships. The female narwhal has no such extra- 
ordinary growth of the incisor tooth. It is interesting to notice 
in the skull of the elephant that the suture between the superior 
maxillary and pre-maxillary bones is visible, and that his tusks 
grow from the pre-maxillary bones, and are therefore also incisor 
teeth. The tusks of the walrus have their origin externally to the 
pre-maxillary bone, and are therefore canine teeth, and this animal 
belongs to the carnivora. (No. 3864A,) 

Examine the bull, and it will be seen that there are no in- 
cisors in the upper jaw. This is the case in all the Buminants^ 
excepting the camel, which loses the central incisors early in life. 
In the bull, deer, and other Buminants also notice that the so- 
called canines in the lower jaw are in a regular series with the 
six incisors, and much resemble them. They seize their food 
between this even row of teeth and the prehensile upper lip, and 
then chew it with the molars. 

In the order Monotremata, the one member. Echidna has na 
teeth, and the other, Omithorhynchus paradoxus, has but homy 
plates to represent them, (See Sep. Ser.) 

In many of the lower animals teeth are not confined to the 
alveolar margins of the jaw, but are found scattered about the^ 
upper part of the alimentary canal. Thus, in the Labroid fishes 
(No. 96), large teeth ma}' be seen developed upon the palate. In 
the perch there are teeth in the pharynx, (No, 197.) In the 
lobster there are horny teeth in the stomach, where the food ia 
ground. 
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In birds the superior maxillary, with the inter-maxillary bones, 
are prolonged forwards, and when covered with the approprijite 
homy material, constitute the beak ; the lower jaw also projecting 
forms the lower half of the beak, (Nos. 1678, 167«A.) 

The upper jaw is movable in parrots (No. 1438), and has a 
broad transverse articulation with the frontal. It consists of 
the coalesced nasal, maxillary, and pre-maxillary bones. 

In Primates there are never more than four incisors above, and 
the same number below. 

In the Rodents the incisors continue to grow throughout life 
and are long and curved. See the Canadian beaver (No. 2165). 

In Cetacea the pre -maxillae, which are small in proportion to 
the maxillae, are prolonged far in advance of the nasal aperture, as 
may be seen in the skeleton of the great sperm whale in the 
Mus, Roy, Coll. Surg, 

Examine the poison fang in a serpent from New Holland 
i(No, 650). It is situated in the upper jaw and has a bristle 
passed through it, showing that it is tubular. This tube contains 
the duct of the poison gland. 

Look at the plates of whalebone hanging from the upper jaw 
•of the whalebone whale. It is by means of these plates that he 
«en tangles the small molluscs on which he feeds. 



MALAR BONE. 
(Plate XIII. fig. 3.) 

Tbree SurflAoeB. — The malar bone forms the prominence of 
the cheek, a part of the margin and wall of the orbit, and the 
^eater portion of the zygomatic arch. It is remarkably thick and 
strong, and resists injury, to which the face, in this situation, is 
so exposed. We divide it into an anterior or aubcutatieous sur- 
face, a superior or orbitaly and a posterior or zygomatic. 

On the subcutaneovs surface there is notliing to observe except 
the orifice of one of the * malar canals,' and that it gives origin to 
the * zygomaticua major ' and ' minor ' muscles. 
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The superior surface forms part of the outer wall of the orbit^ 
a small part of its floor, and, generally speaking, the corner only 
of the spheno-maxillary fissure.** There are usually two ' malar 
canals ' to be seen on it. By introducing bristles, it will be found 
that one of these leads to the subcutaneous surface ; the other, to 
the zygomatic surface. These malar canals transmit cutaneous, 
nerves which proceed from the ovbital branch of the superior 
maxillary nerve to the cheek, and the zygomatic fossa respec- 
tively. 

The posterior surface is very concave, and forms the anterior 
wall of the zygomatic fossa. 

Three Borders. — ^The malar bone has three free borders.. 
One forms at least a third of the margin of the orbit, and reaches 
as far inwards as the infra-orbital canal, giving origin to a few 
fibres of the ' levator labii superioris ' ; a second forms the upper 
edge of the zygomatic arch, and nmning upwards becomes con- 
tinuous with the temporal ridge at the external angular process of 
the frontal bone — this border gives attachment to the * temporal 
fascia ' ; a third forms the lower edge of the arch, and gives origin 
to the ' masseter ' muscle. (Plate XV. fig. 2.) 

GonneotlonB. — ^The malar bone is connected with four bones : 
namely, by a broad and very roughly serrated surface, with the 
superior maxillary ; by suture, with the external angle of the 
frontal, the orbital plate of the sphenoid, and the zygomatic pro- 
cess of the temporal. These several connections are so strong 
that the bone cannot be driven inwards towards the orbit, and 
fractures of it are very rare. 

OBBifloatlon. — It is developed from a single centre of ossifica- 
tion, which appears about the seventh week of foetal life. 

Blgrht or Xielt? — ^The cheek bone will be in the same posi- 
tion as the corresponding one in the student's body if he hold 
it with the subcutaneous surface forwards (and outwards); th(^ 
orbital surface upwards ; and the articulation for the zygoma 
backwards. 

GomparatlTe OBteologry- — The upper process of the malar 
bone does not articulate with the frontal in the camivora (Nos» 
4561, 4562). 
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In the Great Kangaroo and Wombat the zygomatic process 
of the malar bone extends backwards so far that it forms part of 
the glenoid cavity and articulates with the lower jaw. 



NASAL BONE. 
(Plate XVI. fig. 3.) 

The nasal bones, situated one on either side, occupy the space 
between the nasal processes of the superior maxillary bones, and, 
together, complete the bridge of the nose. Their length, breadth, 
and degree of inclination, determine the shape of the nose. We 
have to examine their anterior and posterior surfaces, and their 
four borders. 

SurfiEtoes. — Their anterior surfaces are subcutaneous, convex, 
and present the orifices of one or more canals, which transmit 
blood-vessels. Their posterior surfaces are concave, form part of 
the roof of the nose, and each is marked by a groove for the 
passage of the external branch of the nasal division of the fifth 
nerve. 

Borders. — Their uppei' borders are broad, serrated, and firmly 
articulated with the firontal bone. Their lower borders are thin 
and free in the dry bone, but connected in the recent subject 
with the lateral cartilages of the nose. Each has, generally, a 
little notch in it, through which the external branch of the nasal 
nerve comes and supplies the skin at the tip of the nose. Their 
outer borders are serrated, slightly sloped, and rest upon the nasal 
processes of the superior maxillary bones. Their inner borders 
articulate with each other, in the middle line, along the * nasal 
suture.' From the under surface of this suture a high * crest ' of 
bone projects. By putting the bones together, it is seen how 
their crests form the beginning of the bony septum of the nose, 
and how they articulate with the nasal spine of the frontal bone, 
and the perpendicular plate of the ethmoid. (Plate XXIII. fig. 1.) 
Hence, with a depressed fracture of the nasal bones, there must 
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be a fracture of the perpendicular plate of the ethmoid. In some 
rare instances, the injury extends through the perpendicular plate 
of the ethmoid to the base of the brain. Observing the great 
strength of the nasal bones and the massive arch they form, how 
the sides of this arch are supported by the nasal processes of the 
superior maxillae, while the centre is propped up by the nasal 
spine of the frontal bone, and the perpendicular plate of the 
ethmoid (Plate XXIV, fig. 2), one can readily understand what 
makes the arch so strong, and why the bones are so seldom 
broken. A pretty good proof is given of the strength of the arch, 
when one sees a mountebank support upon it, with impunity, a 
ladder, with the additional weight of a man upon the steps. 

Gonneotloiui. — ^The nasal bone articulates with four others, 
namely, its fellow, the superior maxillary, the frontal, and the 
perpendicular plate of the ethmoid. 

OMifioatlon. — Each nasal bone is developed from a single 
centre of ossification, which appears about the seventh week of 
foetal life. 

HlflTl^t or Xieft ? — ^This bone will be in the same position as 
the corresponding one in the student's body if he hold the thick 
border (which articulates with the firontal bone) upwards, the 
convex surface forwards and outwards, and the short side (for 
articulation with its fellow) inwards. 

GomparatlTe Osteologry. — The only difference between the 
skulls of a tiger and a lion is that in the lion the upper ends of 
the nasal bones and the nasal processes of the superior maxillary 
bones are on the same level, whereas in the tiger the nasal bones 
run up considerably beyond the nasal processes. 



LACHRYMAL BONE. 
(Plate XTII. fig. 4.) 



SurfaoeB. — Tlie lachrymal bones are situated, one on each 
side, on the inner wall of the orbit. They are exceedingly thin 
and delicate, and shaped somewhat like a finger-nail; hence the 
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name ' os unguis.' In old skulls, they are often as thin as silver 
paper, and sometimes perforated. One surface is directed towards 
the orbit ; the other towards the nose. One of these bones is seen 
in situ in Plate XVI, iBg, 2, 

The external or orbital surface has a vertical ridge upon it 
which terminates below in a small hook-like proceess or tongue, 
termed * hamulus,' which fits into the angle between the inferior 
turbinated and the superior maxillary bones (Plate XXIII. fig. 2). 
In front of this is a groove (' lachrymal groove '), which, together 
with the groove on the nasal process of the superior maxilla, 
forms the commencement of the canal for the passage of the 
tears from the lachrymal sac into the nose. The ridge itself 
^ves origin to the * tensor tarsi.' The bone behind the ridge 
is smooth, slightly concave, and forms part of the inner wall of 
the orbit. 

The internal or Tidsal surface presents a slight furrow corre- 
sponding to the external ridge. The surfece in front of this forms 
part of the middle meatus of the nose; that behind it always 
-covers the anterior cells of the ethmoid bone, and sometimes a 
«mall cell or two in the frontal bone. 

Conneotiona. — By examining the orbit (Plate XVI. fig. 2\ 
you observe that the lachrymal bone is somewhat square, and that 
it articulates by suture with the frontal above, the ethmoid be- 
hind, the superior maxillary in front and below. But this is not 
all. The hook-like process (hamulus) at the lower edge of the 
}yone articulates with what is called the * lachrymal process ' of the 
inferior turbinated bone. (Plate XXIII. fig. 2.) So, then, it 
articulates with four bones. 

OMiifloatlon. — It has one centre of ossification, which appears 
about the eighth week of foetal life. 

Rlgrht or Xielt ? — ^This bone will be in the same position as 
the corresponding one in the student's body, if he hold the con- 
-cave orbital surface outwards, the lachrymal groove forwards, and 
the small tongue-like process (which articulates with the lachrymal 
process of the inferior turbinated bone) downwards. 
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PALATE BONE. 
(PiATES Xin. and XIV.) 

Each ' palate bone ' is wedged in between the pterygoid pro- 
cess of the sphenoid and the superior maxillary bone. Each forms 
part of the nasal fossa, of the orbit, and of the palate. As the 
palate bone somewhat resembles the letter L in shape, we can 
divide it, for convenience of description, into a horizontal and a 
vertical plate. 

Korizontal Plate. — ^The horizontal plate completes the bony 
palate by fitting on to the palate plate of the superior maxillary 
bone. Its under sur£eu;e (Plate XIV. fig. 2) presents a transverse 
ridge for the insertion of the aponeurosis of the * tensor palati.^ 
In front of this ridge and towards its outer end we observe the 
orifice, more or less complete, of the * posterior palatine canal,* 
for the transmission of the descending palatine vessels and the 
larger palatine nerve from the spheno-palatine ganglion. The 
anterior edge of this plate is serrated and cut obliquely, so 
as to articulate with, and be supported by, the palate plate of 
the superior maxilla. The posterior edge is smooth and concave, 
and gives attachment to the soft palate. The inner edge firmly 
articulates with its fellow, by means of a * median crest' raised up 
towards the nose, precisely like the corresponding parts in the 
superior maxillary bones (see Plate XXIII. fig. 1): this crest 
supports the vomer, and forms a basis for the septum of the 
nose. Behind it terminates in a pointed process, termed the 
* posterior nasal spine' (Plate XX.), which gives origin to the 
*azygos uvulae' muscle. The upper surface of the plate is 
smooth and slightly concave, thus forming part of the floor of 
the nose. 

Vertical Plate. — The vertical plate of the palate bone con- 
tributes to form the outer boundary of the nasal fossa. On its 
inner surface (Plate XIII. fig. 1) is a * ridge ' to which is attached 
the inferior turbinated bone. The siudFaces above and below this 
ridge, respectively, form part of the middle and inferior 'meatus* 
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of the nose. Still higher is a ridge for the middle turbinated 
bone. On its outer surface we observe a vertical groove, which 
either alone, or in conjunction with the superior maxilla, forms 
the * posterior palatine canal,' which transmits the descending 
palatine vessels and the large palatine nerve. The front part of 
the vertical plate fits along the inner wall of the antrum of the 
superior maxilla, and helps to close the lower and back part of the 
orifice of the antnmi. This part, however, is very fragile, and is 
generally broken in separating the bones. 

TuberoBlty. — ^From the angle formed by the horizontal and 
vertical plates projects backwards what is called the * tuberosity.* 
This is the thickest and strongest part of the whole bone, and it 
fits into and fills up the * notch' which is seen between the 
pterygoid plates of the sphenoid. Notice also that its posterior 
aspect presents a groove which completes the pterygoid fossa, 
and gives origin to a part of the * pterygoideus intemus,' The 
groove is bounded by two rough surfiices, which diverge from each 
other like the letter V reversed, and fit into the borders of the 
notch itself. (Plate X. fig, 2.) The anterior aspect of the 
tuberosity presents a very rugged surface, which articulates with 
the tuberosity of the superior maxillary bone. Behind this rough 
surface is a smooth portion continuous with the plane of the ex- 
ternal pterygoid plate ; this smooth part gives origin to some of 
the fibres of the external pterygoid muscle. The inferior aspect 
has nothing remarkable on it, except the orifices of one or two 
canals large enough to admit a pin. They are the * accessory 
palatine canals,' and transmit the external and the small palatine 
nerves to the soft palate. 

Turn now your attention to the upper part of the palate bone, 
and observe that at the top of the vertical plate there are two 
processes separated by a deep notch, which forms the greater part 
of the ' spheno-palatine foramen.' One of these processes is called 
the * orbital,' because it fills up a little corner at the back part of 
the orbit ; the other is called the * sphenoidal,' because it fits 
under the body of the sphenoid bone. 

Orbital Prooess. — The ' orbital process ' springs from the top 
of the bone by a narrow * neck,' and is hollow, so that it forms a 
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cell. The cell contains air, admitted through one of the posterior 
ethmoidal cells. This little process has jive surfaces, unequal in 
extent, and looking in diflferent directions. If you hold the bone 
before you, precisely as it is in your own person, and remember 
that it is interposed between the maxillary in front and the 
sphenoid behind, you will have no difficulty in recognising the 
direction of the surfaces to be as follows (see Plate XIII. fig. 2) : 
— the superior looks into the orbit and contributes to form its 
floor; the external looks into the spheno-maxillary fossa; the 
posterior is connected with the body of the sphenoid ; the in- 
ternal with the ethmoid; and the anterior with the superior 
maxillary bone. Thus, then, we have a superior or orbital 
surface, an external or zygomatic, a posterior or sphenoidal, an 
internal or ethmoidal, and an anterior or maxillary : of these five 
two only are free, namely, the orbital and the zygomatic — ^the other 
three are attached to the respective bones with which they are 
contiguous. Plate XXII. shows the little comer at the inner and 
back part of the orbit, which is filled up by the palate bone, and 
also the relative positions of the bones with which the orbital pro- 
cess is connected. It likewise shows that the ^ zygomatic surfiEice ' 
forms that part of the floor of the spheno-maxillary fossa which 
lies above the spheno-palatine foramen. 

Sphenoidal Prooeni. — The ^sphenoidal process' is a thin 
plate of bone, which arches inwards beneath the body of the 
sphenoid, and forms part of the roof of the nasal fossa. As it is 
generally broken in the separate bone, one can see it best in the 
perfect skull. (Plate XX.) The arch which it forms has three 
surfaces, — an upper or convex surface, which closes in the pterygo- 
palatine canal ; an under or concave surface, which is seen in 
looking into the nasal fossa ; and, lastly, an outer, which is seen 
in looking at the bottom of the spheno-maxillary fossa. 

Spheno-Palatine Foramen. — Respecting the ^ spheno- 
palatine foramen,' we need, for the present, merely observe, that 
it is an opening which leads from the spheno-maxillary fossa into 
the cavity of the nose, and transmits the nasal or spheno-palatine 
branch of the internal maxillary artery and nasal branches of the 
spheno-palatine ganglion. (Plate XXII.) 
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Conneotions. — The palate bone articulates with six bones, — 
namely, its fellow, the sphenoid, the ethmoid, the inferior spongy 
bone, the vomer, and the superior maxilla. 

Ossifloation. — It is developed from a single centre of ossifica- 
tion, which appears at the angle of the horizontal and vertical 
portions, about the seventh week of foetal life. 

Riflrbt or Xieftr — This bone will be in the same position as. 
the corresponding one in the student's body if he hold the notch 
(which forms with the sphenoid the spheno-palatine foramen) 
upwards, the orbital process forwards, and the palatine plate 
inwards. 



INFERIOR SPONGY OR TURBINATED BONE. 

(PiATi XV. figs. 1 and 3.) 

In each nasal cavity there are three spongy or turbinated 
bones — an upper, a middle, and a lower. The upper and middle 
form part of the ethmoid bone, and have been already described^ 
p. 73. We have now to examine the lower one. 

Zt8 Position and Use. — This thin plate of bone is well 
called * spongy,' from its structure, and * turbinated,' from its 
curved form. By referring to Plate XXIII. fig. 2, you see it m 
aittty and observe how much longer it is than either of the others*. 
Its internal surfece, forming the convex part of the roll, looks: 
towards the septum of the nose ; its external surface forms the^ 
concave part, and bounds the inferior meatus of the nose. Both 
surfaces are covered with little ridges and furrows, and more or 
less horizontal canals, which lodge numerous plexuses of arteries^ 
but chiefly of veins. This quite accords with the function served 
by the bone, namely, of affording an additional extent of surface- 
which warms the air on its passage to the lungs. It has nothing 
to do with the sense of smell. The olfactory nerves have not 
been traced lower than the middle spongy bone. 

Connections. — By its upper edge it is attached along th& 
outer wall of the nose to four bones as follows — Beginning from 
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the front, we find it attached, 1, to a ridge along the nasal process 
of the superior maxilla ; 2, by means of a little ' tongue ' (* lach- 
rymal process ') to just such another * tongue ' of the lachrymal ; 
it is this part of the bone which completes the lachrymal canal ; 3, to 
the orifice of the antrum by means of a triangular plate termed 
the * maxillary process ' (Plate XV. fig. 3), which turns down 
like a dog's ear, and helps to narrow the lower part of the orifice 
of the antrum ; 4, to the unciform plate of the ethmoid by means of 
a little tongue, called the * ethmoidal process ' ; 5, and lastly, to a 
ridge along the vertical plate of the palate bone. Notwithstand- 
ing these numerous connections, the bone is by no means strongly 
fixed in its position : in the dry skull it often falls out ; and in 
the operation of extracting a polypus from the nose, it is quite 
possible to pull out part of the bone or even the entire bone with 
the polypus. 

Its lower edge is firee, and generally about half an inch firom 
the floor of the nose, so that there is just room enough to intro- 
duce the tube of a stomach-pump through the nose. 

OMilfloatlon. — ^The bone has one independent centre of ossifi- 
cation, which appears about the fifth month of foetal life. 

Rigrbt or Xieft ? — ^This bone will be in the same position as 
the corresponding one in the student's body if he hold the convex 
surface inwards towards the septum of the nose ; the maxillary 
process hanging downwards ; and the large lachrymal process in 
jfront of the smaller ethmoidal process. 

ComparatlTe Osteologry* — See the remarks at the end of 
* the Ethmoid bone.' 



THE VOMER. 
(Pjlate XVJ. fig. 1.) 



The ^ vomer ' is so named from its resemblance to a plough- 
share. It is a thin and delicate plate, situated perpendicularly in 
the middle line, and, together with the perpendicular plate of the 
ethmoid bone, forms the bony septum of the nose. (Plate XXIII. 

fig. 1.) 
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Two Plates. — Thin as it is, the vomer consists of two plates, 
Tinited in the middle, but separated above, where they become 
stronger, diverge from each other, and form a deep fissure which re- 
ceives the ^ rostrum ' of the sphenoid. The diverging edges of the 
fissure, called the * wings,' fit into the little furrows beneath the 
* vaginal processes' of the sphenoid. (Plate XI. fig. 1.) Concern- 
ing the other connections of the vomer, we have to observe that 
the two plates of which the bone is composed separate from each 
other at every articular edge of it ; and as the vomer receives the 
other bones into its grooves, so it is locked in on all sides. 

Connections. — ^The vomer is connected with six bones. 
Below, it articulates with the crest of the maxillary and palate 
bones; above, with the lower edge of the rostrum of the sphenoid; 
in front, with the perpendicular plate of the ethmoid, and the 
median cartilage of the nose ; behind, its edge is sharp and free, 
and, in the perfect skull, is seen as the septum between the 
posterior openings of the nasal fossae. 

Both surfaces of the vomer are marked by grooves for blood- 
vessels and nerves: but the only groove deserving notice is 
that which descends obliquely and transmits the * naso-palatine 
nerve.' 

It is necessary to know that the direction of fhe vomer is not, 
in all persons, perpendicular. In 100 skulls the vomer was found 
to be perpendicular only in 24. There are instances in which it 
projects into one side of the nose to such an unusual extent, that 
when covered by its vascular and swollen mucous membrane, the 
projection might easily be mistaken for a polypus. Such mistakes 
are alluded to in surgical works.** 

Ossification. — ^The vomer is developed from one centre of 
ossification, which appears about the seventh week of foetal life, at 
the upper part, and from it each lateral plate is developed. 
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THE INFERIOR MAXILLARY BONE. 

(Platb xvn.) 

For convenience of description we divide the lower jaw into 
the arched part in ifront, the *body,' and the ascending part 
behind, the * ramus.' At the top of each ramus are the * condyle * 
or articular surface, the * coronoid ' process for the insertion of the 
temporal muscle, and the ^ sigmoid notch.' 

Bodj and BjmphjmiMm — ^The convex part of the body pre- 
sents, exactly in the centre, a slight ridge, the ^ symphysis,' which 
is the strongest part of the bone, and indicates where the two 
halves of the bone grew together. Its direction is vertical, or 
even projects forwards : this is one of the characteristics of man, 
who alone has a chin. The ^ symphysis ' terminates, below, in the 
triangular ^ mental process.' On each side of the symphysis is a 
slight depression, the ^mental fossa,' which gives origin to the 
* levator menti.' More externally, and generally in a line with 
the first prse-molar tooth, is the * mental foramen,' which trans- 
mits the * mental branch ' of , the inferior dental nerve and artery.- 
From the lower part of the symphysis we trace the beginning of 
the * external oblique line ' or ridge, which curves backwards 
towards the root of the coronoid process. This line gives origin 
to the * depressor labii inferioris ' and * depressor anguli oris.' A 
little below both these, is the insertion of the ^ platysma-myoides ' 
of the neck. Along the alveolar border adjacent to the three 
molar teeth is one origin of the ^ buccinator.' 

Four Tubercles. — On the concave surface of the body (fig. 2), 
at the symphysis, are four small tubercles, i.e. two on each side, 
one above the other; the upper give origin to the *genio-hyo- 
glossi': the lower, to the *genio-hyoidei.' These four tubercles 
in some instances are confiuenf, and appear as one. Beneath 
these is a well-marked depression on each side, for the insertion 
of the *digastricus' muscle, which opens the mouth. On this 
surface is an oblique line, faint near the symphysis, but more 
prominent as it ascends backwards below the last molar tooth. 
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It is called the * mylo-hyoid ridge,' because it gives origin to the 
* mylo-hyoideus.' Behind and a little above this ridge, near the 
last molar tooth, is the origin of part of the * superior constrictor ' 
of the pharynx. Below the ridge is a slight depression, indicating 
the position of the sub-maxillary salivary gland. Above the ridge 
is the place for the sub-lingual gland ; but this is not well marked. 

Oblique Xilnes. — ^These oblique lines or ridges on the two 
surfaces of the body are something more than mere muscular 
impressions. They indicate the limit between the * alveolar ' part 
which contains the teeth, and the lower or * basilar ' part of the 
jaw. These distinctions are made because these parts come and 
go at diflferent periods of life. In infancy there is only the 
alveolar part; towards puberty the basilar part slowly grows to 
perfection : in old age when the teeth £bl11 out, and their sockets 
are absorbed, the basilar part alone remains, and the chin 
gradually approximates the nose. The absorption of the sockets 
(alveoli), which is natural in old persons, often occurs pre- 
maturely. It is apt to arise from long salivation, scurvy, or 
purpura, and is frequently hereditary. 

Teeth. — ^The teeth in the lower jaw correspond in number 
(eight on each side) with those in the upper, but differ from 
them in these partioolars: — 1. The first two lower molars have 
only two &ng8, an anterior and posterior, while the upper molars 
have three. In the third molar or wisdom tooth the fangs are often 
consolidated into one ; 2. When the mouth is closed the teeth of 
the lower jaw shut within those of the upper jaw which form a 
larger arch ; 3. The external tubercles or cusps of the teeth of the 
lower jaw fit into the hollows between the external and internal 
cusps of the teeth of the upper jaw ; by which arrangement we 
are enabled to use the entire surface of the opposing teeth in 
grinding the food. When the jaws are closed, each tooth in one 
jaw is opposed by two in the opposite jaw ; one good result of 
this is, that when we lose a tooth, the corresponding tooth in the 
other jaw being still more or less opposed, is still of service in 
mastication. 

Ramus. — The ramus of the jaw mounts up from the body 
nearly at a right angle in adult age, when the upper and lower 

H 
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jaws are kept well apart behind by the molar teeth. But in in- 
fancy, before the development of the molars, and in age when they 
are lost, the * angle ' of the jaw becomes obtuse. Excluding its 
outstanding processes, the ramus is nearly square. Nearly the 
whole of its outer sur&ce gives insertion to the powerful ' masse- 
ter,' which closes the jaw (fig. 1), On its inner surface (fig. 2) is 
the * dental foramen,' or the orifice of the canal for the trans- 
mission of the inferior dental nerve and artery. Its inner margin 
is raised into a short * spine ' for the attachment of the internal 
lateral ligament of the jaw. Leading down from the orifice is 
the *mylo-hyoid groove,' which contains the mylo-hyoidean 
vessels and nerve. Below the groove is the rough surfece for the 
insertion of the * pterygoideus intemus.' The muscles inserted 
on each surface of the angle of the jaw are so thick that fractures 
through this part of the bone sometimes escape detection. 

Condyle. — ^The * condyle' projects from the upper and back 
part of the ramus to form the joint of the jaw, and fits into the 
glenoid cavity of the temporal bone* It is oblong in form, and 
convex both from without inwards and from before backwards. 
The long axis is directed horizontally inwards and slightly back- 
wards, so that, if prolonged, the axes of the two condyles would 
meet near the front of the * foramen magnum.' Just outside the 
condyle is a * tubercle ' for the attachment of the external lateral 
ligament. The condyle is supported on a contracted part termed 
the * neck ' of the jaw. This neck is flattened in the same direc- 
tion as the condyle, and is slightly excavated in front for the 
insertion of the * pterygoideus extemus.' 

The oblique direction of the condyles of the jaw renders easy 
the rotatory movement necessary in mastication. In masticating 
we can readily feel that one condyle advances towards the anterior 
margin of its glenoid cavity, while the other recedes to the 
posterior. • 

Coronold Proceae. — The ^ coronoid ' process is a triangular, 
lofty plate of bone, which ascends beneath the zygomatic arch 
and increases the leverage of the temporal muscle which closes 
the mouth. The insertion of this muscle occupies the inner 
surface, the apex, and front border of the process down to the 
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last molar tooth : the greater part of the outer siir£gu;e is occupied 
by the masseter. The * sigmoid notch ' transmits the * masseteric ' 
nerve and artery. 

The walls of the lower jaw, particularly at the basilar part, are 
exceedingly compact and tough. In operations for removal of this 
part of the bone, it is necessary to use the saw freely, before the 
bone forceps can be of any service. The interior assumes the form 
of * diploe,' and is traversed by the * inferior dental canal,' which 
carries the vessels and nerves to the teeth (Nor. Hum. Ost. No. 
234). This canal begins on the inner side of the ramus, curves 
forwards, beneath the sockets of the teeth, and, towards the front, 
divides into two, of which one ends at the * foramen mentale,' the 
other, much diminished in size, runs on through the diploe nearly 
to the symphysis, and conveys vessels and nerves to the canine 
and incisor teeth. 

OsBlfloation. — The lower jaw has two centres of ossification, 
which appear about the sixth week of fcetal life, one for each 
lateral half. Their junction at the symphysis takes place about 
the close of the first year after birth. In the lower animals the 
symphysial suture often remains throughout life.** 

Comparative Osteologry- — In the order Monotremata, ob- 
serve that there is scarcely any bend or infiexion in the lower jaw 
(No. 1699). The jaw of the anteater is also straight, thus greatly 
resembling that of the pelican (see Sep. Ser.). 

In snakes (Ophidia) the two halves of the lower jaw are not 
united by bone, but held together by an elastic ligament, which 
permits the two halves of the jaw to be separated from each 
other sideways to a considerable extent. This is one of the many 
arrangements by which the boa is enabled to swallow its prey 
though larger than its own body. This is shown in the specimen 
of the tiger-boa (No. 602). 

In the lower animals the two halves of the jaw generally 
remain separate throughout life. In all mammalia each half of 
the lower jaw consists of a single piece which articulates with the 
squamosal bone of the skull. In all below the mammals it articu- 
lates with a modified malleus called the quadrate bone. This is 
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well seen in the skull of the ostrich and other birds in the Separate 
Series. 

pFor some interesting points as to the relation between the 
size of the coronoid process and the temporal fossa the student 
should read the Comparative Osteology paragraph at the end of 
the chapter on * The Skull as a Whole.'] 

It has been said that man is the only creature which has a 
chin. It is most distinct in the Caucasian race, becomes faintly 
marked in the Negro, and does not exist in the Apes. 

Bodentia have never more than two incisors in the lower jaw ; 
and usually only two, but sometimes four, in the upper. When 
there are four incisors in the upper jaw, as in hares and rabbits, 
there are two small ones behind the two large ones (No. 1916). 
These incisors have a persistent pulp, and continue to grow in 
adult life. They have no canines. 

Camivora have milk and permanent teeth, which are enamelled, 
and always consist of incisors, canines, and molars. 

In elephants the teeth consist of tusk-like incisors, growing 
from persistent pulps, and molars. 

Look at the lower jaw of the crocodile (No. 717 D) and see 
how greatly the angle projects backwards. This projection is for 
the insertion of the digastricus, the muscle which opens the 
mouth, and which acts upon the jaw as a lever of the first order. 
In man it acts as a lever of the second order, as it is inserted near 
the symphysis. 

To appreciate the mechanism of the lower jaw, look at the 

form of the joint in animals. In them it varies according to the 

Fio. 17. structure of their teeth and the food they eat. 

There are three principal types of it : the car- 
nivorous, the ruminant, and the rodent. The 
carnivorous type is a simple transverse hinge : 
this form is well seen in the badger (No. 4412), 
where the condyle of the jaw is mechanically 
locked in its socket. It is shown in fig. 17, 
where Gr represents the shape of the glenoid cavity, and C the 
shape of the condyle which fits into it. The ruminant type 
presents a socket and a condyle nearly flat, so as to admit of the 
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lateral movement necessary for grinding the food. This form is 
seen in fig. 18, which is taken from the sheep (No. 3767 B). 
In the rodent type there is a longitudinal groove yiq, is. 
in the temporal bone in which the condyle plays 
from before backwards like a plane. Fig. 19 shows 
the corresponding surfaces of the glenoid cavity (G), 
and the condyle (C), in the capybara (No. 1974). 

The joint of the lower jaw in man partakes 
somewhat of the nature of these three types : we 
can move our jaw in the vertical direction, from side to side, and 
from before backwards. The teeth of man are likewise inter- 
mediate in structure between those of carnivorous f,o, 19^ 
and those of ruminant animals. Man is adapted, by 
his dentition, to eat animal or vegetable food, and 
is said to be omnivorous. But the presence of 
grinding, tearing, and cutting teeth, equally de- 
veloped, in the jaws of any animal, is no proof that 
he is omnivorous. Monkeys have large canines, yet 
live on vegetables ; all bats possess well-formed in- 
cisors, canines, and molars, yet some are purely frugivorous, whilst 
the British species live entirely on insects. 
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THE SKULL AS A WHOLE. 

The examination of the Skull as a whole is easy and intelligible^ 
provided the individual bones have been carefully studied. 

Goorse of SntureB. — A knowledge of the course of the sutures 
is of practical value — 1, because it enables us to say with precision 
in what direction the head of the child is presenting during labour ; 
2, because in injuries of the skull we must not commit the error 
of mistaking a suture for a fracture."^ 

Coronal Suture. — ^The * coronal suture ' (Plate XVIII.) 
(fronto-parietal) connects the frontal with the parietal bones. It 
extends transversely across the top of the skull, from the great 
wing of the sphenoid on one side to the other. In the middle 
the frontal overlaps the parietal bones, but at the sides the 
parietals overlap the frontal, by which arrangement the bones 
are locked together. 

Sagittal Suture. — The ^ sagittal suture ' (inter-parietal) con- 
nects the two parietal bones. It runs backwards, in the middle 
line, from the frontal to the occipital bone. This suture is much 
serrated, except near the parietal foramina, where it is always 
much straighter than elsewhere.*^ 

Frontal Suture. — The ^ frontal suture ' is formed by the 
union of the two halves of the frontal bone. It runs down the 
middle of the forehead, from the sagittal suture to the root of the 
nose. It always exists in infancy and childhood, but is generally 
obliterated in the adult (p. 51). 

Xiambdold Suture. — ^The ^ lambdoid suture ' (Greek letter 
A) (occipito-parietal) imites the two parietals to the occipital 
bone. 

Occlplto-Mastold Suture. — ^The occipito-mastoid suture,' ^^ 
apparently a continuation of the lambdoid, connects the occipital 
with the mastoid portion of the temporal bone. 
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MaBto-Paiietal Suture. — ^The mastoid part of the temporal 
is connected to the posterior inferior angle of the parietal bone by 
the * masto-parietal suture,' 

Squamous Suture. — The squamous part of the temporal is 
connected to the parietal bone by the * squamous suture ' 
(squamo-parietal) ; and to the great wing of the sphenoid by the 

* squamo-sphenoidal ' suture. The squamous bone so overlaps the 
parietal as to strengthen the arch of the skull at the sides, and 
prevent the lateral expansion of the buttresses. 

Wormian Bonea. — In the mastoid suture more frequently 
than in any other, we meet with what are termed 'Wormian** 
bones,' or * ossa triquetra.' They are little islands of bone, de- 
veloped from distinct centres, in the membrane which connects 
the cranial bones. They vary in number and size. In the 
Museum of the College of Surgeons there is the hydrocephalic 
skull of an adult (Path. Ser. No. 3489) in which there are upwards 
of one hundred of these little bones. Specimens of Wormian 
bones may be seen in the Gen. Ost. Ser. Nos. 103 to 110. 

Transverse Frontal Suture. — Of the sutures which connect 
the bones of the cranium with the face, the chief one is the 

* transverse frontal suture.' It extends from the external angular 
process of the frontal bone, from one side to the other, across 
both orbits and the root of the nose (Plate XVI.). It connects 
the frontal with the malar, sphenoid, ethmoid, lachrjrmal, superior 
maxillary, and nasal bones. Other short sutures, such as the 

* spheno-malar,' * spheno-parietal,' * zygomatic,' etc., speak for 
themselves. 

A knowledge of the sutures is of practical value in midwifery. 
Thus when we feel the meeting of the three sutures at the top of 
the occipital bone, we know the back of the head presents ; if, 
again, we feel the * anterior fontanelle,' or lozenge-shaped space 
where four sutures meet (page 44), we know it is a forehead 
presentation. 

THE SKULL-CAP. 

Skull-cap I Outer Surfttoe. — ^The skull-cap forms an oval 
dome which protects the brain with its greatest breadth al^ut 
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the parietal protuberances. In a well-fonned European head, if 
we look at the skull-cap from above (the beginning of the sagittal 
suture being in the centre of the perspective plane), we see 
scarcely anything but the smooth expanded vault of the cranium. 
But in the Negro and the Australian, the narrowness of the 
temples allows the zygomata to come into view, and, in the most 
* prognathous '*® examples, the incisor teeth appear in front of the 
frontal sinuses. 

Foramina. — On the outer surface of the skull-cap are a mul- 
titude of small foramina, which transmit blood-vessels from the 
pericranium into the substance of the bone. Hence, if this mem- 
brane be torn oflF during life, the bone bleeds through minute 
pores. On each side of the sagittal suture is the * parietal fora- 
men,' which transmits a vein from the superior longitudinal sinus 
to the outside of the skull; sometimes a small artery runs with it, 
and communicates with a branch of the middle meningeal. 

Temporal Bldgro. — ^Along the side of the skull-cap is a 
curved line, the temporal ridge (Plate XV.), which indicates the 
attachment of the temporal aponeurosis to the frontal and parietal 
bones. 

Temporal Fossa. — ^The ridge circumscribes the ^temporal 
fossa,' which is formed by the frontal, parietal, temporal, sphenoid, 
and malar bones. The fossa gives origin to the temporal muscle, 
of which the tendinous rays, converging beneath the zygoma, are 
inserted into the coronoid process of the lower jaw. The size of 
the temporal fossa in all animals depends upon the size of the 
temporal muscle. Hence it is largest in the camivora. 

Skull-cap I Inner Surfletce. — On the inner surface' of the 
skull-cap we observe — 1, the groove in the middle line, which 
gradually becomes broader as we trace it backwards, for the 
superior longitudinal sinus ; 2, on either side of this, especially 
in old skulls, are a number of irregular excavations, occasioned by 
the * Pacchionian bodies '^^; 3, grooves for the ramifications of the 
middle meningeal aftery. The main groove, at first sometimes a 
complete canal, is seen at the anterior-inferior angle of the 
parietal bone ; from thence it spreads widely over the frontal and 
parietal bones, one branch of considerable size often traversing 
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the posterior-inferior angle of the parietfd above the groove for 
the lateral sinus. In fractures of the skull, the arteries running 
in these grooves are liable to be injured, and thus occasion an 
eflfusion of blood, producing compression of the brain. 

ThloknesB of tbe Skull-oap. — The skull-cap differs in 
thickness in different parts. This is easily ascertained by holding 
it to the light. As a rule, it is thicker in parts which were the 
centres of ossification — as at the frontal and parietal eminences. 
It is thinnest in the temporal region. The ordinary thickness of 
an adult skull is about one-fifth of an inch, though it varies very 
much at different periods of life. In the anatomical museum at 
Pavia there is the skull-cap of a child, in which a hole was pecked 
by the beak of an angry cock. Whoever is in the habit of making 
post-mortem examinations soon observes how much skulls vary in 
thickness, even in persons of the same age, and this without any 
obvious reason. Generally speaking, any cause which produces a 
chronic congestion of the vessels of the head, — such as habits of 
intemperance, — ^will increase the thickness of the skull. For the 
same reason constant exposure to the action of the sun will 
thicken and indurate the skull-cap. The observation of Hero- 
dotus^^ is probably correct, when he says that Hhe Egyptians 
have thick skulls because they expose their shorn heads to the 
heat of the sun ; whereas the Persians have thin and soft skulls, 
because they cover them with turbans from infancy.' A severe 
blow may thicken the skull. The late Mr. Quekett had in his 
possession part of a skull-cap nearly an inch in thickness. It 
belonged to a gentleman who received a blow on his head some 
years before his death. He recovered perfectly, to all appearance, 
from the effects of the injury. By-and-by, however, his head 
began to grow larger; but this, strange to say, was first dis- 
covered by his hatter, who found it necessary from time to time 
to give him a larger hat. In very old persons, the skull-cap, 
owing to the absorption of the diploe, becomes in some parts as 
thin as a shilling. Not only the skull, but all the bones become 
much lighter in old age. Soemmering says the skull of a 
•centenarian is two-fifths lighter than in middle age. 

Cerebral Zmpresftions. — The inner surface of the skull-cap 
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ifl marked by the cerebral coavolntions, so that it takes, to a 
ceartain extent, an impreseion of the brain. But it cannot be said 
that a particular impression on the inner surface has a correspond- 
ing bump outside. A [glance at any skull-cap is sufficient Tto 
prove this. The depressioos occasioned by the convolutions take 
place at the expense of the diploe ; and the external bumps 
are often caused by a mere thickening of the outer table. On 
the other hand, it holds good, as a general rule, that the external 
form and dimensions of the cranium may be taken as a general 
expressioD of the corresponding lobe of the brain, whether in the 
frontal, the parietal, or the occipital region. The general cha- 
racters of the brain, then, may be ascertained by external exami- 
nation, but not the individual detail. 

▼elns of Um DlpIoe.— The diploe of the skull-cap is tra- 
versed by numerous venous canals These (fig 20) are of con- 
siderable size, and are 
best displayed by filing 
off the outer table. Their 
course is by no means 
so regular as they are 
commonly drawn ; but, 
general way, we 
I may speak of the frontal, 
temporal and occipital 
diploic \eins. The 
two former discharge 
their blood mto the veins 
on the outside of the 
cranium ; the occipital generally open into the lateral sinus. 
After injuries of the head, these veins are liable to inflammation, 
which may give rise to pus in the diploe and pyaemia. Hence 
the occasional occurrence of visceral abscesses, especially hepatic, 
after injuries of the head, — a circumstance which had not escaped 
the notice of the old surgeons. 
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By referring to Plate XIX. it is seen that the base of 
the skull presents, on each side, three fossae, — an anterior, a 
middle, and a posterior, — respectively lodging the anterior and 
middle lobes of the cerebrum, and the cerebellum. The pos- 
terior lobe of the cerebrum rests upon the * tentorium cerebelli,' 
and not upon bone. These several fossae are marked by the 
cerebral'convolutions just as much as the skull-cap ; but phreno- 
logists take no notice of ^Aesejconvolutions, and have omitted^to 
assign any office to them. All their * organs ' are placed at the 
top and sides of the brain ; — why are there none at the base ? 

Anterior S'oasa ot tbe 'Granlmn. — ^The anterior fossa of 
the cranium is formed by the orbital plates of the frontal, the 
cribriform plate of the ethmoid, with the front part of the body 
and the lesser wings of the sphenoid. The points to be noticed 
in this fossa are as follows: 1. The ^foramen caecum,' which, if 
pervious, generally transmits a vein from the superior longitudinal 
sinus into the nose. 2. The groove for the * anterior meningeal 
artery,' one of the secondary branches of the ophthalmic. 3. The 
^ crista galli,' which gives attachment to the fidx cerebri. 4. The 
slit for the ^ nasal nerve,' a branch of the first division of the fifth 
nerve. 5. The ' olfactory groove,' perforated by foramina, which 
give passage to the filaments of the olfactory lobes. 6. The ^ an- 
terior ethmoidal foramen ' on the outer side of the olfactory groove, 
for the transmission of the nasal nerve and anterior ethmoidal 
vessels. 7. The ^ posterior ethmoidal foramen,' at the hinder ex- 
tremity of the olfectory groove, inmiediately in front of the body 
of the sphenoid transmits the posterior ethmoidal vessels. 8. The 
* foramen opticum,' which transmits the optic nerve and ophthal- 
mic artery. 9. The ^ olivary process,' which supports the com- 
missure of the optic nerves. 10. The * anterior clinoid process,' 
which gives attachment to the tentorium cerebelli. 

Middle FoflMt of tbe Graaliim.— The middle fossa of the 
cranium supports the middle cerebral lobe, and is formed by the 
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great wing of the sphenoid, the squamous and petrous portions of 
the temporal bone. The points to be noticed in this fossa are — 
1. *The sphenoidal fissure' between the wings of the sphenoid, 
leads to the orbit, and transmits the 3rd, the 4th, the first division 
of the 5th, and the 6th nerves, also filaments of the sympathetic 
nerve and the ophthalmic vein. 2. The * foramen rotundum ' 
gives passage to the superior maxillary, or second division of the 
5th nerve. 3. The ' foramen ovale ' gives passage to the inferior 
maxillary, or third division of the 5th nerve, and to the arteria 
meningea parva, and sometimes to the lesser petrosal nerve. 
4. The * foramen spinosum ' gives passage to the arteria meningea 
media and its two veins — the main trunk of this artery grooves the 
squamous part of the temporal and the anterior-inferior angle of 
the parietal bone. 5. The ^ foramen lacerum medium ' is blocked 
up, in the recent state, by fibro-cartilage ; the Vidian (great 
petrosal) nerve runs through this cartilage. The internal carotid 
artery also passes through it. 6. At the apex of the petrous 
portion of the temporal bone is the termination of the ' carotid 
canal' through which the carotid artery enters the skull: the 
ajrtery then winds along the groove on the side of the body of the 
sphenoid. 7. On the firont sur&ce of the petrous portion of the 
temporal bone is the ^ hiatus Fallopii,' which transmits the great 
petrosal nerve, and external to it is the opening of the canal for 
the lesser petrosal nerve. Further back, on the same surface, 
we may observe the eminence for the superior semicircular canal. 
8. In the centre of the sphenoid is the * pituitary fossa,' for the 
reception of the pituitary body. 9. The * posterior clinoid process,' 
like the anterior, gives attachment to the * tentorium cerebelli,' a 
process of the dura mater which supports the posterior lobes of 
the brain. 

Posterior Fossa of tbe Granlmn. — ^The posterior fossa is 
the largest and deepest of the cranial fossae, and is formed by the 
occipital bone, the petrous and mastoid parts of the temporal 
bone. It supports the cerebellum. Proceeding firom before back- 
wards, we observe, in the middle line: 1. The * basilar groove,' 
which supports the medulla oblongata and the pons Varolii. 
2. On each side of this is the groove for the * inferior petrosal 
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sinus.' 3. Along the top of the petrous bone is the groove for the 
* superior petrosal sinus.' 4. Both these sinuses terminate in 
the great * lateral sinus,' which grooves successively the occipital, 
posterior-inferior angle of the parietal, mastoid part of the tem- 
poral, and, last of all, the jugular process of the occipital bone. 
A line drawn on the outside of the head, from the occipital pro- 
tuberance to the front border of the mastoid process, corresponds 
with the lateral sinus. On the posterior aspect of the petrous 
part of the temporal bone is — 5. The * meatus auditorius intemus,' 
for the facial and auditory branches of the 7th nerve and the 
little auditory artery. 6. Some distance behind, and rather 
below the meatus, is the ^ aqueductus vestibuli,' somewhat con- 
cealed by an overhanging ridge of bone. This * so-called aque- 
duct ' transmits, if anything, a small vein from the vestibule of 
the ear. 

Behind the basilar process is — 7. The ^foramen magnum,' 
which transmits the spinal cord and its membranes, the vertebral 
arteries, and the spinal part of the spinal accessory nerves. 8. On 
each side of the foramen magnum are the * condyloid foramina,' 
of which the * anterior ' transmits the hypoglossal or 9th nerve 
(motor nerve of the tongue); the * posterior,' a vein from the 
lateral sinus to the outside of the skulL 9. The ^ mastoid foramen ' 
also transmits a vein from the lateral sinus to the outside of the 
skull. 10. Lastly, the 'foramen lacerum posterius' transmits 
the three divisions of the 8th nerve and also the blood from the 
lateral sinus into the internal jugular vein. The nerves pass 
through the anterior part of the foramen, which is separated from 
the posterior by a bony ridge. 



BASE OF THE SKULL AS SEEN FROM BELOW. 

(PULTBS XX., XXI.) 

The base of the skull comprises such a wide area, that it is 
desirable to draw certain limitary lines. If, then, a line be drawn 
from the first incisor tooth on each side, backwards to the mastoid 
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process, and another transversely, from one mastoid process to the 
other, we shall describe a triangle within which are contained all 
the parts usually spoken of as at the base of the skull. 

Arob of the Palate. — In front is the arch of the ^ hard 
palate,' formed by the superior maxillary and palate bones : its 

* middle ' and ' transverse ' sutures cross each other at right 
angles. A pin introduced at the point of crossing would touch 
five bones, the 5th being the vomer. Generally speaking, when 
the palate presents a fine arch, free from contraction in any 
direction, the voice is clear and sonorous. The best singers have 
always well-formed palates. Its sur&ce is rugged for the lodg- 
ment of the palatine glands, and it is riddled with minute holes 
for the passage of blood-vessels. Behind the incisor teeth is the 

* anterior palatine canal ' ; a single orifice below, but double above, 
so as to open separately into each nostril. It transmits the 
anterior palatine vessels and naao-palatine nerves (see also p. 82). 
Near the last molar tooth is the orifice of the ' posterior palatine 
canal,' formed conjointly by the palate and superior maxillary 
bones : and firom this we trace forwards the ' palatine groove ' for 
the lodgment of the descending palatine vessels and the large 
palatine nerve. Lastly, there is the * ridge ' on the palate bone 
for the attachment of the * tensor palati,' and the * posterior nasal 
spine,' to which is attached the ' azygos uvulae.' 

PoBterior OpeningrB of MoBe. — Behind the palate are the 
posterior openings of the nasal fossae, separated by the sharp 
edge of the vomer. Each opening is somewhat oval, about one 
inch in the [long diameter and half an inch in the transverse. 
We should remember this in plugging the nostril. It is bounded, 
above, by the body of the sphenoid and the sphenoidal process of 
the palate bone ; Kelow by the horizontal plate of the palate ; out- 
side, by the internal pterygoid plate of the sphenoid ; and inside, 
by the vomer. On the roof of each are the expanded * wings ' of 
the vomer, which receive between them the * rostnmi ' of the 
sphenoid; and also the * pterygo-palatine canal.' This, as its 
name implies, is formed conjointly by the pterygoid plate of the 
sphenoid and the sphenoidal process of the palate bone. It trans- 
mits a branch of the internal maxillary artery, and a pharyngeal 
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nerve from the spheno-palatine ganglion to the top of the 
pharynx. 

Pteiygrold Region. — On each side of the nasal openings are 
the * pterygoid processes ' of the sphenoid. These pterygoid pro- 
cesses bound the posterior oi>ening8 of the nose : act as buttresses 
to support the upper jaw-bones behind ; and serve for the origin 
of the powerful pterygoid muscles which grind the food. From 
the pterygoid fossa, or, more strictly, from the inner surface of 
the external pterygoid plate and the back of the tuberosity of the 
palate bone which fits into the gap between the pterygoid pro- 
cesses, arises the * pterygoideus intemus ' ; while the outer surface 
of the same plate and the adjacent outer aspect of the tuberosity 
of the palate bone give origin to the * pterygoideus extemus.' 
At the base of the internal plate is the scaphoid fossa, for the 
origin of the ' tensor palati ' ; and at the apex is a pulley, termed 
the * hamular process,' around which the tendon of this muscle 
plays. Besides this, the hamular process gives origin to part of 
the * superior constrictor' of the pharynx. Immediately above 
the * scaphoid fossa ' is the posterior orifice of the Vidian canal. 

Proceeding backwards from the base of the pterygoid pro- 
cesses, we come next upon the great foramina at the base of the 
skull, most of which have already been seen in the examination 
of the base from above. In the great wing of the sphenoid there 
is the ^ foramen ovale.' The foramen rotundimi cannot be seen at 
the inferior part of the base of the skull: look for it at the back of 
the orbit. Behind the foramen ovale is the * foramen spinosum ' ; 
and still farther back is the apex of the wing, termed the ^spinous 
process,' which is wedged between the squamous and petrous bones, 
and gives attachment to the internal lateral ligament of the lower 
jaw and the ^ laxator tympani.' From the spinous process we trace 
outwards the * glenoid fissure,' which runs across the glenoid cavity 
of the temporal bone. Between the sphenoid and petrous bones is 
the canal for the ^ Eustachian tube ' (running in the same line as 
the Glaserian fissure), which is completed in the recent state by 
fibro-cartilago. 

Petrous Region. — The petrous portion of the temporal bone 
is wedged in between the sphenoid and the basilar process of the 
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occipital. Observe that the apex of the wedge is cut abort, so 
that aD irregular opening remains between the three bones, 
termed the ' foramen lacenun medium.' In the recent skull this 
space Ib filled with cartilage, through which pass the internal 

Fw. 21. 




The dotted arrow shows th&t the mutoid process, the g^lo-mastoid forameii. the 
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carotid artery, surrounded with filamentB of the sympathetic nerve, 
and the Vidian nerve. Tlie apex of the petrous bone gives origin 
to the ' tensor tympani ' and ' levator palati.' In the middle of the 
petrous bone is the wide orifice of the carotid canal which trans- 
mits the carotid artery. Trace this canal, and you will find that 
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it does not enter the cranial cavity directly, but that it ascends ior 
a short distance, and then runs horizontally forwards and inwards 
through the petrous bone, till it opens at the apex into the foramen 
lacerum. Thus the carotid artery makes two curves, like the 
letter S, before it enters the cranimn — the first curve in the bony 
canal, and the second through the cartilage which fills up the 
foramen lacerum. This disposition of the great arteries at the base 
checks the force of the blood on its passage to the brain. 

Behind the carotid canal is the * foramen lacerum posterius,' 
or * foramen jugular e,' another opening left between the petrous 
and occipital bones. The size and shape of it are subject to great 
variety. The right jugular foramen is usually larger than the 
left, but it is generally divided by a projecting tongue of bone 
into an anterior part, which transmits the eighth pair of nerves, 
and a posterior, which is by far the larger, for the passage of the 
blood from the lateral sinus into the commencement of the 
internal jugular vein. The posterior meningeal arteries (from 
the occipital and ascending pharyngeal branches of the external 
carotid) also enter the cranium through this aperture. 

Outside the foramen lacerum posterius is the ' styloid process,^ 
projecting, more or less, beyond the * vaginal process ' at its root. 
Behind this is the * stylo-mastoid foramen,' through which the 
facial nerve emerges from, and the stylo-mastoid artery enters, 
the skull. Still further back is the mastoid process, and the 
digastric fossa for the origin of the digastric muscle. Internal 
to this fossa may generally be seen a groove for the occipital 
artery. 

Basilar Prooeaa. — ^The basilar process of the occipital bone 
projects into the base of the skull, and joins the body of the 
sphenoid : here it forms the roof of the pharynx. This relation 
is of practical importance, because the basilar process is within 
reach of the finger introduced into the mouth, and can be explored 
so as to determine how far a polypus may be connected with it* 
It afibrds insertion to the * rectus capitis anticus major' and 
* minor,' and (by means of a little tubercle) to the aponeurosis of 
the pharynx. Behind the basilar process is the * foramen magnum.* 
On each side of this are the ' condyles ' of the occiput, with the 

I 
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* anterior ' and * posterior condyloid ' foramina ; and on the outside 
of each condyle is the jugular eminence, which gives insertion to 
the * rectus capitis lateralis.' 

Ooolpltal Foramen. — In a well-formed European skull, the 
plane of the occipital foramen is horizontal when the body is 
erect, and its anterior extremity is about half way between the 
tuberosity of the occipital bone and the incisors of the upper 
jaw. This central position of the occipital foramen and the con- 
dyles is one of the great peculiarities of man, who stands erect. 
His head, therefore, is almost equally balanced on the top of the 
spine. In monkeys, who hold a middle rank between man and 
quadrupeds, the foramen magnum is placed farther back : in the 
orang-outan, it is about twice as far from the foramina incisiva 
as from the back of the head. Consequently, although monkeys 
can stand erect for a time, they cannot do so long. In quad- 
rupeds, again, the foramen magnimi is still nearer to the back of 
the head, and its plane forms a considerable angle with the 
horizon. The weight of the head in quadrupeds is sustained, not 
only by the spine, but by an elastic ligament of great strength 
(ligamentum nuchse), which arises from the lofty spines of the 
dorsal vertebrae, and is fixed to the crest of the occiput. 

TEMPORAL, ZYGOMATIC, AND SPHENO-MAXILLARY FOSSAE. 

The temporal fossa (see page 104) leads into the zygomatic 
fossa, the boundary between them being the crest of the sphenoid 
bone. 

Zygromatlo FoBsa. — The ' zygomatic fossa ' is bounded ex- 
ternally by the zygomatic arch, which serves as a strong buttress 
to support the bones of the face, and gives origin to the powerful 

* masseter ' muscle which closes the mouth. In front of the fossa 
there is the back part of the superior maxilla, and at the bottom 
of it, the outer pterygoid plate of the sphenoid, which gives origin 
to the external pterygoid muscle. At the deepest part of the 
fossa are two wide fissures at right angles to each other : one, 
nearly horizontal, leads into the orbit, and is called the * spheno- 
maxillary fissure,' through which the infra-orbital nerve and artery 
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enter the floor of the orbit to reach their canal in the superior 
maxillary bone. 

Spbeno-mazillary FoBBa. — The other fissure, nearly ver- 
tical, leads to the * spheno-maxillary fossa,' in which the third 
part of the internal mamillary artery breaks up into terminal 
branches. This fossa is bounded in front by the back of the 
superior maxilla ; behind, by a smooth sur&ce at the base of the 
pterygoid process ; internally, it is separated from the nasal fossse 
by the perpendicular plate of the palate bone. 

There are five openings into the spheno-maxillary fossa (see 
Plate XXII.), as follows : — 



Five Opbninos into Sphkno-maxillaey Fossa. 

/ Internal or nasal branches of spheno- 
( transmits into the , palatine ganglion. 
l.Spheno-palatine foramen I ,^^1 f^ssa . 1 Nasal or spheno-palatine branch of 

[ internal maxillary arteiy. 

_ . , . , ( transmits to the ( Descending palatine artery and large 

2. Postemr-pulatme canalj ^^^^ | j^ti„enerTe. 

I Superior maxillary nerve, or second 
I division of fifth pair. 

Vidian artery and nerve. 

/FterygO'palatLne branch of internal 
. -j maxillary artery, and pharyngeal 
1 nerve from Meckel's ganglion. 



3. Foramen rotundum 

4. Vidian canal . 



transmits 
transmits 



6. Pterygo-palatine canal . transmits 



THE ORBITS. 



The orbits, or sockets for the eyes, are like crypts excavated 
beneath the cranium. (Plate XVIII.) To use the words of Sir 
Charles Bell, * these under arches are groined ; ' that is to say, they 
are provided with strong ribs of bone, so that there is no need 
of thick bone in the interstices of the groinings. The plate between 
the eye and the brain is as thin as parchment : but look how strong 
is the arch forming the orbital margin, and what a strong ridge of 
bone runs up from the zygoma, like a buttress to support the side 
of the arch. When the eye is threatened and somewhat retracted 
in its socket, the margin of the orbit is more than strong enough 
to protect it from the eflFects of violence. 

I 2 



116 THK ORBITS. 

Each orbit is pyramidal, with the apex behind. Their axes, if 
prolonged, would pass through the optic foramina, and meet 
behind the pituitary fossa of the sphenoid. This divergence 
gives a greater range of vision. The anterior opening of the 
orbit is quadrilateral and consists of an upper, a lower, an inner 
and an outer margin. In the higher types of man these openings 
are more rounded. 

1J|>per Wall of Orbit. — The upper wall of the orbit is 
slightly arched, and formed by the frontal bone and lesser wing 
of the sphenoid. On this wall are — 1, the optic foramen ; 2, the 
fossa beneath the external angular process for the lachrymal 
gland; 3, the little depression for the pulley of the * superior 
oblique ' muscle ; 4, the supra-orbital foramen or notch, situated 
at the junction of the inner with the middle third of the orbital 
margin. 

&ower Wall or Floor of Orbit. — ^The lower wall of the 
orbit slopes downwards and outwards, and is formed by the orbital 
plate of the superior maxilla, by part of the malar bone, and 
behind by the orbital plate of the palate bone. On this wall is 
the groove for the infra-orbital nerve. 

Zimer Wall of Orbit. — The inner wall (Plate XXII.) is formed 
by the nasal process of the superior maxilla, by tjie lachrymal, the 
OS planum of the ethmoid, and the side of the body of the sphenoid 
bone. Here we observe the groove for the nasal duct, formed 
conjointly by the nasal process of the superior maxilla, the lachry- 
mal, and the inferior spongy bone. Its direction is downwards, 
backwards, and a little outwards, and it leads into the inferior 
meatus- of the nose. Besides this, there are the * anterior and 
posterior ethmoidal foramina.' 

Outer Wall of Orbit. — ^The outer wall of the orbit is formed 
by the malar bone and the orbital plate of the great wing of the 
sphenoid. Here there are one or two small foramina (malar 
canals), which transmit small nerves from the orbit to the skin of 
the cheek and temple. (See p. 86.) The outer wall of the orbit 
recedes more than the other parts of its circumference, giving so 
great a range of vision externally, that by rotating the head on 
each side of the spine, we can see all round. 
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BoneB Gomposlngr Orbit. — Look into the orbit and examine 
two four-sided plates, one on the inner side belonging to 
the ethmoid, and one on the outer belonging to the great 
wing of the sphenoid. The four-sided plate of the ethmoid 
articulates above with the frontal; below with the superior 
maxillary bone, in front with the lachrymal and behind with 
the sphenoid. Besides these the orbital process of the palate 
bone here comes up between the sphenoid and superior maxilla 
{articulating with both of them) and joins the posterior in- 
ferior angle of this plate. The four-sided plate of the sphenoid 
articulates likewise with the frontal bone above which arches 
over from the top of the aforesaid plate of the ethmoid ; 
below, its edge is separated from the superior maxillary bone by 
the spheno-maxillary fissure; in front, it articulates with the 
malar bone, and behind, its edge is separated from the rest of 
the sphenoid by the sphenoidal fissure. These articulations 
should be traced on the bones and thoroughly mastered. Thus, 
seven bones enter into the composition of each orbit : namely — 
the frontal, ethmoid, and sphenoid, the superior maxilla, the 
malar, the lachrymal, and the palate ; but there are only eleven 
bones in the two orbits, since the first three bones are conunon to 
both. 

Sphenoidal and Spbeno-maxUlaiir Flasares. — At the 
back of the orbit are two wide fissures for the admission of blood- 
vessels and nerves. The upper one is the * sphenoidal fissure,' 
formed between the greater and lesser wings of the sphenoid bone. 
It leads into the cranium, and transmits the third and fourth 
nerves, the ophthalmic branch of the fifth, the sixth nerve, some 
filaments of the sympathetic nerve, and the ophthalmic vein. The 
lower one, the ^ spheno-maxillary fissure,' leads into the zygomatic 
fossa. The borders of this fissure are formed internally by the 
superior maxillary and palate bones, externally by the sphenoid. 
It is completed in front by the malar.^ Through this fissure the 
infirarorbital artery and the superior maxillary nerve enter the 
groove along the floor of the orbit. 

There are some points of practical interest about these two 
fissures. 1. In blows on the temple, blood is apt to make its way 
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through the aphenchrnCLxUlary fissure into the orbit, and produce 
ecchymosis under the conjunctiva. 2. In the operation for the 
removal of the superior maxillary bone, we saw through the 
orbital wall into the fissure, so that it is requisite to know its 
precise position. Concerning the sphenoidal fissure^ we should 
know that: 1. In fracture through the base of the skull, involv- 
ing this fissiure, the eflFused blood may make its way into the 
orbit and produce ecchymosis of the conjunctiva. 2. A sharp 
instrument might penetrate through this fissure into the brain. 
Surgery has such cases on record. Here is one. Henry II. of 
France, one of the last princes of the House of Valois, was 
mortally wounded by Montgomery, captain of the body guard, in 
a tournament held in 1559, on the occasion of the marriage of 
Philip II. with Elizabeth of France. A splinter from a lance 
entered through the sphenoidal fissure, stuck fast, and could not 
be extracted. The king died on the eleventh day. 



NASAL FOSSiE. 
(Plate XXUI.) 



These cavities open widely in front, and admit the air through 
the nostrils, and behind into the top of the pharjmx. To study 
them properly it is indispensable to have a skull divided longi- 
tudinally on one side of the septimi, so that we can examine the 
roof, the floor, the outer and inner surfaces of the cavities. 

BoundarleB of Masai FoBBaa. — The ^roof of the nasal fossae 
is formed by the nasal bones, by the nasal spine of the frontal, 
the cribriform plate of the ethmoid, and the body of the sphenoid. 
It does not form a horizontal plane from before backwards. It is 
only the cribriform plate which is horizontal ; from this, the roof 
slopes forwards towards the nose, and backwards towards the 
pharynx: therefore the vertical depth is much greater in the 
middle than elsewhere. Notice the greater thinness of the cribri- 
form plate, and how easily an instrument might be thrust through 
this part of the roof into the brain. Herodotus,^ in his excellent 
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description of the process of embalming the dead, as practised by 
the ancient Egyptians, mentions that they drew out the brain 
through the nostrils with an iron hook, and filled up the void by 
injecting drugs. In the fine series of ancient Egyptian skulls, 
brought firom the great necropolis of Thebes by Professor Flower, 
and now in the Museum of the Royal College of Surgeons (Nor. 
Hum. Ost., Nos. 584 to 593), it may be seen that in every one of 
them the cribriform plate is broken away, and the bones of the 
nasal fossae more or less damaged ; an interesting proof of the 
veracity of the ancient historian. 

The * floor ' is nearly horizontal, and is formed by the palate 
plates of the superior maxillary and palate bones. In the dry 
bones can be seen, on each side of the septum, the orifice of the 

* anterior palatine canal ' (p. 82). 

Keatos of the Nose. — The outer wall of the nasal fossae 
is made irregular by the * meatus ' or passages in the nose, and 
the numerous openings leading to the air-cells, in the neigh- 
bouring bones. It is formed by the ethmoid (including its 
two turbinated bones), the nasal, the superior maxillary, the 
lachrymal, the inferior turbinated, the palate, and the internal 
pterygoid plate of the sphenoid. It is important to observe the 
position of the turbinated bones and the three * meatus ' or pas- 
sages of the nose. (Plates XXIII. and XXIV.) 

Superior Keatus. — Beneath the superior turbinated bone 
lies the * superior meatus,' into which open the posterior eth- 
moidal cells and the sphenoidal cells. At the back part of this 
meatus is the spheno-palatine foramen, which leads into the 
spheno-maxillary fossa. 

Kiddle Keatus. — Below the middle turbinated bone is the 

* middle meatus.' Into this open — 1, towards the front, the 
firontal sinus (or cell), along a passage termed the 'infundihvluxn ' ; 

2, the anterior ethmoidal cells (distinct from the posterior); 

3, the antrum or maxillary sinus. The orifice of the antrum 
is large and irregular in the dry bones ; but in the recent state 
it is so narrowed by mucous membrane that it will just admit a 
crow-quill. 

Inferior Keatus. — Below the inferior turbinated bone is 
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the * inferior meatus.' No air-cells open into this meatus : there 
is only the termination of the nasal duet or channel which con- 
veys the tears into the nose : this cannot be seen without re- 
moving part of the turbinated bone. 

The openings into the several * meatus ' of the nose may be 
thus tabulated : — 

Into the Superior Meatus . open J ^J'® sphenoidal ceUs. 

I The posterior ethmoidal cells. 

The anterior ethmoidal cells. 
Into the Middle open- The frontal cells. 

The antrum. 
Into the Inferior .... opens The nasal duct. 

The two upper turbinated bones (belonging to the ethmoid) 
are delicately channelled for the lodgment of the olfactory nerves. 
The lower or third turbinated bone has nothing to do with the 
sense of smeU, and is coarser in its texture. It is traversed by 
several canals and grooves, which run from before backwards, and 
in the recent state contain large veins. The turbinated bones do 
not extend throughout the whole length of the outer wall. All 
the surface in front of a perpendicular line let fall from the nasal 
spine of the frontal bone is smooth, as is also aU the surface behind 
a perpendicular line from the spheno-palatine foramen. 

Bones formlnsr Septum of Nose. — The bony septimi of the 
nose, one of the principal supports of the nasal arch (Plate XXIII.), 
is formed chiefly by the perpendicular plate of the ethmoid and 
the vomer. (Plate XXIV, fig. 2.) The formation of the septum 
is assisted by the nasal spine of the frontal, the crests of the 
nasal, superior maxillary, and palate bones ; also by the rostrum or 
crest of the sphenoid, making ten bones in all. The triangular 
interval left in the septimi in the dry skull is filled up in the 
perfect one by the middle cartilage of the nose, which fits into a 
fissure in the bone. 

The posterior openings of the nasal fossae have been already 
described in the * base of the skull ' (p. 118). The anterior open- 
ing is heart-shaped, with the broad part below. It is boimded on 
either side by the nasal bone, and by the nasal process of the 
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superior maxilla ; below it is bounded by the palatine process of 
this bone, which terminates in front by a sharp projection, termed 
the ' anterior nasal spine,' the prominence of which is a marked 
feature in the higher races of mankind. It is very diminutive in 
some of the lower races, and absent in monkeys. 



General Observations on the Skull. 

Skull a laeifer of the First Order. — The entire skull repre- 
sents a lever of the first order. The fulcrum or „ „„ 

Fio. 22. 

point of support F (see &g. 22) is at the oc- 
cipito-atlantoid articulation ; the resistance is 
the weight of the head W ; the power P is the 
mass of muscle attached to the occiput. The 
skull is nearly balanced on the spine, and the 
muscles moving it have but small leverage. Con- 
trast this, however, with that of the elephant 
(see p. 42), the massive appendages of whose head have propor- 
tionally strong muscles and ligaments for their movements and 
support. 

Tbree layers or Tables of the Skull. — ^The cranial bones 
consist of three layers — an outer, an inner, and an intermediate 
* diploe.' The outer is formed of compact and tough bone ; the 
inner is harder, but more brittle (hence called * tabula vitrea ') ; 
while the diploe is softer and spongy, and diminishes the effects 
of shocks. Altogether, then, this structure may be coarsely com- 
pared to a case composed of wood outside, porcelain inside, and 
soft leather between the two. 

The different structure of these three layers or * tables ' of the 
skull is interesting practically. In blows on the head, the inner 
table, in consequence of its great brittleness, is likely to be broken 
more extensively than the outer. Cases indeed have occurred, 
where the inner table has been broken without any fracture of 
the outer. In sabre cuts penetrating the skull-cap as deep as the 
inner table, although the cut through the outer table may be 
only a simple incision without any depression, yet the inner table 
will be broken almost always to a greater extent than the outer : 
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indeed, it may be separated from it, and driven into the mem- 
branes if not into the substance of the brain.^ Hence the neces- 
sity of examining these cases very carefully, to ascertain if there 
be any parts of the inner table depressed, and to remove them. 
Another reason why the inner table is often more extensively 
splintered than the outer is, that it is the last table reached by 
the force which inflicts the damage. The aperture of exit of a 
bullet is larger than that of its entry .*^* (See injuries and diseases 
of bone, No. 2901 E.) 

Aookingr of the Bones. — The bones are mechanically locked 
together by the sutures ; and in the recent state there is a thin 

layer of animal matter between their 

Fio 23 

edges, which diminishes the effects of 
blows. Whoever knows the strength of 
an egg-shell, can understand what hard 
blows the cranium will bear. Most of the 
bones mutually support each other, by 
having their edges bevelled alternately 
on opposite sides, as in the frontal suture ; 
or by one overlapping the other, as in 
the squamous suture, where the temporal prevents the * starting * 
of the i>arietal bone (see fig. 23). The effect of this is, that no 
single bone can be taken out of the cranium without separating 
the whole fabric. (Nor. Hum. Ost., No. 175.) When we wish to 
separate the bones, we do so, not by force from without, but by 
force from within the skull ; that is, by introducing peas, which, 
when moistened with water, swell, and by pressing equally in all 
directions disjoint the bones. 

Oroins alongr the SinoseB. — Notice how the interior of the 
dome is strengthened by * ribs ' or * groins ' of bone, which run in 
the line of the principal sinuses. One rib extends from the centre 
of the frontal bone to the foramen magnum, and spans from before 
backwards the whole arch of the craniimi. Another crosses trans- 
versely the back part of the occipital bone ; the point of intersec- 
tion of these two ribs being at the occipital protuberance, which 
is the thickest and strongest part of the skull. 

SuttreMMB of the Sfciill. — Like all other arches, the cranium 
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transmits shocks towards its buttresses ; these are firmly wedged 
into the base, and all meet at the centre, that is, at the body of 
the sphenoid. The frontal part of the arch is supported by the 
wings of the sphenoid and the malar bones, the parietal part by 
the temporal bones, and the occipital part supports itself by 
running, wedge-like, into the base, and abutting on the sphenoid. 
A knowledge of the buttresses which support the respective parts 
of the skull-cap affords an explanation of the direction which 
fractures generally take along the base of the skull, according as 
the injury has been received on the frontal, the parietal, or the 
occipital region of the cranium. 

Power of reaistliigr Shocks. — The older French school 
generally advocates the doctrine that the cranium resists shocks 
after the manner of other spheres, namely, that a blow struck on 
one side is transmitted to the opposite one; as when a glass 
tumbler, struck smartly with the finger nail, is made to crack on 
the opposite side. This they call fracture by ' contre-coupJ But 
the modem school contends that the cranium resists shocks like all 
architectural arches ; and that vibrations, instead of going round 
to the base direct, are lost upon the supporting pillars. The 
frontal pillars are the malar and sphenoid bones — the parietal 
pillars are the temporal bones — the occipital pillars are the ribs of 
the occipital bone itself. When the head is struck, the parietal 
region is most often the seat of injury. The bone breaks at the 
part struck, and the fracture runs on through the temporal bone, 
and most frequently through the tympanum — the weakest part. 
There are many excavations in the bone which weaken it about 
this part; 1, there is the * meatus auditorius extemus' — 2, the 
cavity of the tympanum itself — 3, the jugular fossa — 4, the 
carotid canal — 5, the Eustachian tube. This accoimts for the 
frequency of haemorrhage from the ear in cases of fiactiure of 
the base of the skull. 

Buttresses of the Vpper Jaw. — In the bones of the face 
there are two points to be noticed — Ist, the great strength of the 
nasal arch (Plate XXIV.); 2nd, the extreme fimmess of the 
upper jaw, fixed by its three buttresses on each side — ^namely, the 
nasal, the zygomatic, and the pterygoid. The nasal buttresses 
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rest against the internal angles of the frontal bone, and between 
them is the heart-shaped opening of the nose. The zygarruUic 
buttresses are exceedingly strong; they are supported by the 
external angles of the frontal bone and the zygomatic processes of 
the tem]x)ral, and correspond to the molar teeth, which have to 
sustain the greatest pressure. The pterygoid buttresses descend 
perpendicularly from the base of the skull, and support the upper 
jaw behind. 

Kale and Female Oraaia. — The capacity of the cranial 
cavity varies, as a general rule, with the intelligence of the indi- 
vidual or of the race. It has been shown that in almost all races 
the capacity of the cranial cavities of the women is to that of the 
men as 9 is to 10. The mastoid and the other processes for the 
attachment of muscles are less pronounced in women than in men. 
The orbital margins, and especially the external angular processes, 
are thinner and sharper in females' skulls. In women's skulls the 
glabella and frontal sinuses are but slightly developed. The 
digastric groove is better marked in males than in females. The 
masticatory apparatus is more massive in the males' skulls. 
The development of the frontal, parietal, and occipital regions may 
be taken as a general expression of the development of the corre- 
sponding lobes of the brain. Upon this is founded the study of 
Oaniology.®^ 

Facial iLngrle. — The best method of determining the propor- 
tions between the cranium and face in man, and the vertebrate 
PjQ 24 animals generally, is by taking 

what is called the * facial angle.' 

.y'^'^ y /^\^ Let a line (see fig. 24) be drawn 

\ x^ / N. from the external auditory meatus 

/ N?^'"^^ \ along the floor of the nostrils, and 

£^kjf'^\ /\t^ M ^^ intersected by another line touch- 

I'V^^^^v / ^\^^^ni i^g the most prominent parts of the 

T >H?f^^Si^^/**>^ forehead and upper jaw : the inter- 

WXwxri ^T^£S^2^"'"w cepted angle is generally in propor- 

J tion to the size of the cranial cavity, 

FACIAL LINE AND ANGLE. ^^ jg ^ mcasurc of thc dcgrcc of 

intelligence of the individual. In the dog this angle is 20** ; in 



aEKBRAL OBSERVATIONS OK THE SKULL. 125 

the chimpanzee, it is 40** ; in the Australian native, 85** ; in the 
European, 95*. The ancients, in their impersonation of the 
beautiful and intellectual, adopted an angle of 100°.^® 

OomparatiTe Osteologry- — A student may, with careful 
observation, discover slight points of diflFerence between opposite 
sides of the same skull. For instance, the posterior condyloid 
foramen of one side may be wanting, the mastoid process of one 
side may be larger than that of the other, or the digastric 
fossae may be of unequal size ; one nasal passage may be larger 
than the other ; the lateral sinus may be much deeper on the one 
side than on the other, or there may be a middle clinoid process 
on one side only. Asymmetry may occur in men highly gifted, 
as in the celebrated I<>ench anatomist Bichat. This is no 
more than one might expect, seeing the difference often exist- 
ing between features of the two sides of the same fiice. Such 
want of symmetry is greatly exaggerated in many of the lower 
animals, as may be seen in the Cetacea, in the head of the great 
sperm-whale or in that of the narwhal (Mus. Roy. Coll. Surg.), 
for the details of which, see the comparative osteology of the 
superior maxillary bone. But the most striking example of 
asymmetry is seen in those flat fish which lie usually on their left 
sides, viz., soles and plaice (Pleuronectidae, Nos. 179 to 190). 
For in them both eyes are on the right or upper side of the 
skull, and one orbit only is completed, the eyes being directed 
away firom the ground on which they lie. The teeth are chiefly 
developed on the left side of their jaws — away from the side on 
which their eyes are — that is, on the white side. It is interesting 
to note that in these fish, when very young, the skulls are sym- 
metrical. When the turbot is just hatched, it has an eye on each 
side of the head, and it is only by subsequent development that 
the asymmetry occurs. The turbot, unlike soles and plaice, lies 
on its right side. 

Different habits develop different muscles ; and these muscles 
give rise to modifications in the form of the bones as well as of the 
bodily configuration. It will therefore be extremely interesting to 
contrast the skulls of the Camivora with those of the Ungulata, 
or hoofed animals. Take, for example, a tiger's skull and that of 
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a deer. The skull of the tiger is in perfect adaptation to his 
enormous temporal muscle. It has a high median ridge, to which 
the muscles are attached, great arches of the zygoma, under which 
they pass, and broad and lofty coronoid processes, into which they 
are inserted. But his masseters are comparatively small, therefore 
the zygomata and the angles of the jaw are not specially strong. 
Now, the sole action of this tem})oral muscle is to clench the teeth 
together as on a hinge ; so we find that his jaw articulation is hinge- 
like, and allows no other motion. This mechanism is admirably 
fitted for cutting purposes, but is quite unfit for grinding ; so his 
teeth are cutters. He has no grinders. Exactly the converse of all 
this is true of the deer : his temporals are small, he has no median 
ridge, the passage under the zygoma is small, and his coronoid 
process is delicate and scarcely deserves notice. On the other 
hand, his masseters and pterygoid muscles are very large, his 
zygomata broad, the external pterygoid plates greatly expanded, 
the angles of the jaw massive and extensive. The masseters acting 
with the internal pterygoids cause the grinding action ; so here 
the articulation of the jaw is nearly flat, allowing of a free grind- 
ing movement ; and in accordance with this, we find the teeth are 
flattened on the surface^ and good grinders. It will be seen how 
clearly this conformation is in keeping with the habits and nature 
of each animal. 

From what has been said of the temporal muscles of the tiger, 
as well as from what will be said of the pectoral muscles of the 
flying birds (Carinatse), it appears that those sets of muscles by 
which an animal gets its living are the most largely developed, 
and that their bony attachments are large in proportion. Thus 
the history of the animal is always written on its bones clearly 
enough for any careful student to read. He who learns to love 
osteology will soon feel that it is far from dry, and that beauty 
finds indelible expression even in the bones ; for he will see that 
low degraded types have skeletons which cannot be mistaken, 
while the healthy, intelligent, and upright carry their characters 
in their skeletons as much as they do in their faces. 

In the ant-eater, which has no teeth, the zygomatic arch is 
incomplete (No. 2336). 
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In reptiles the cranial cavity is remarkably small. In a 
Nilotic crocodile (No. 717 D) nearly fifteen and a half feet long, 
the cranial cavity is only just large enough to admit the thumb. 

Some heads are long, some are broad, and others roimd. 
These different forms are determined by the varying extent of 
growth of bone either in the transverse or the longitudinal sutures, 
or by the early union of one or other of them, as may be readily 
understood by a reference to the Gen. Ost. Ser. (Nos. 126 — 127), 
where, the parietal bones imiting early, the skull was unable to 
acconmiodate the growing brain by increasing in breadth, and 
therefore could only increase in length by growing at the fironto- 
parietal and the occipito- parietal sutures, thus giving rise to these 
extraordinarily long skulls. 

The great and heavy skull of the crocodile contains large nasal 
passages and air cavities which float it, so that its body can lie 
under water while its eyes and nostrils alone appear just above 
the surface (No. 712). 

One of the first-fruits of the study of comparative anatomy 
was the discovery of the law, * That an invariable co-relation exists 
not only between the different parts of an animal's body, but like- 
wise between the parts of his body and his mode of life.' The 
discovery was made by Cuvier, and would of itself have been 
sufficient to immortalise his name. He was led to the detection 
of this law by the study of a number of fossil bones which were 
found in quarries in the neighboiu"hood of Paris. The following 
is his own account: — ^ 

* I found myself in the position of a man who had received a 
confused heap of the mutilated and incomplete remains of some 
hundreds of skeletons belonging to a score of different kinds of 
animals ; each bone had to search for those with which it should 
articulate — it seemed almost a resmrection in miniature. I 
had not at my command the all-powerful trumpet, but the im- 
mutable laws prescribed to living beings answered its purpose, 
for at the voice of comparative anatomy every bone, every 
fi-agment of bone, resumed its natural position. I am at a loss 
for words to describe my delight when so soon as I discovered any 
characteristic featmre, I saw all the sequences of this character. 
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more or less foreseen, develop themselves in succession. I fomid 
the teeth conformed to what the feet had foretold, and the feet to 
what the teeth foretold, and all the bones between the feet and 
the teeth conformed as could be judged beforehand ; in a word, 
each of these species sprang up again out of one of its elements. 
Those who will have the patience to follow me will be able to 
form an idea of the sensations I experienced in thus restoring by 
degrees these antique monuments of fearful revolutions. Sub- 
sequent discoveries of fossils have hardly ever contradicted my 
earlier conclusions.' 



THE VERTEBRAL COLUMN. 
(Plates XXV. to XXIX.) 

The vertebral column, or spine (Plate XXVI.), consists of a 
series of bones articulated together so as to describe three slight and 
graceful curves, the bend being forward in the loins, backward in 
the chest, and again forward in the neck. These bones are called 
* vertebrae,' because they permit the bending and rotation of the 
body {yertOy I turn). They are 33 in number : of which 7 con- 
stitute the cervical region, 12 the dorsal, and 5 the lumbar. 
Below the lumbar vertebrae, the spine is supported upon a bone 
termed the *os sacrum,' which consists of five vertebrae firmly 
coalesced into a single bone. Below the sacrum is the little bone 

' termed the * cocc3rx,' from its resemblance to the beak of a cuckoo 
(kokkv^). This also contains the rudiments of four, sometimes 
only three, vertebrae. The vertebral formula of man, therefore, is 
— 7 cervical, 12 dorsal, 5 lumbar, 5 sacral, and 4 coccygeal, or 
caudal : that is, 33 in all. 

Oonstitaent Parts of a Vertebra. — The vertebrae have 

.certain general characters which are common to all. These aro 
modified in the diiferent regions of the spine, according to the 
functions they perform. (See separate series, Mus. Roy. Coll. 
Surg.) Therefore, first obtain a general knowledge of a vertebni, 
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and of the names given to its several parts ; afterwards examine 
the characteristics of the vertebrae in each region. 

Taking the first lumbar vertebra as a pattern (Plate XXV.), it is 
seen to consist of a * body,* or * centrum/ whioh forms the colunmar 
part, and supports the weight of the spine. The body is convex in 
front from side to side, but slightly concave behind, where it assists 
in the formation of the * vertebral foramen,' which transmits and 
protects the spinal cord. The upper and lower surfaces of the 
body presentjii disc of solid bone at the circumference (Plate XXV. 
fig. 2), and ^ slight ctip in the centre which lodges the elastic 
* intervertebral fibro-cartilage,' found in the recent subject, and 
acting as a * buffer ' between the vertebrae. These discs or rings of 
compact bona deserve notice, not only because they strengthen the 
spongy bodies, but because they have separate centres of ossifica- 
tion, and romain until about the 25th year, as * epiphyses.' A 
section througfh the body of a vertebra shows it to be composed of 
cancellous flssue, which makes it light compared to its bulk. 
(Nor. Hum. Ost., Nos. 175 to 185.) This tissue is traversed by 
large * venous canals,' of which the orifices are observable on the 
surface, but chiefly on the back part of the body, towards which 
the larger canals converge (Plate XXV. fig. 7). Behind the 
body is the * vertebral foramen.' Now this foramen is formed by 
two thick processes of bone, which proceed, one from each side 
of the posterior part of the body, and gradually converging^ 
imite and form an arch (vertebral or neural arch). The spring 
of the arch, where it joins the body, is called the * pedicle ' ; the 
converging plates are termed the * laminae.' The arch sends 
oflf seven * processes.* Of these, three — namely, the * spinous * 
and the two * transverse ' — give attachment to muscles. The 
' spinous process ' arises from the top of the arch ; the two * trans- 
verse processes * pass off, nearly horizontally, one from each side of 
it, near the jimction of the ' pedicle ' with the * lamina.' The 
remaining four are termed * articular processes ' — two superior 
articulating with corresponding processes of the vertebra above 
and two inferior articulating with corresponding processes of the 
vertebra below ; they are situated on the point of -union of the 
pedicles with the laminae. Their articular surfaces are covered 
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with cartilage in the fresh state, and project beyond the bodies, so 
that the joints are on a level with the intervertebral fibro-car- 
tilages. Lastly, on the pedicles, we observe two * notches ' on 
either side, — ^an upper and a lower, the lower being always the 
larger. When the vertebrae are together, these notches make 
what are called the * intervertebral foramina,' in which the spinal 
nerves lie. (Plate XXVII.) The * pedicle,' or the part of the arch 
between the notches, is the weakest part of a vertebra, and conse- 
quently it is the principal seat of torsion in curvatures of the 
spine. 

Such, then, are the constituent parts of a vertebra : namely, a 
Iwdy, an arch, a vertebral foramen : seven outstanding processes, 
of which four are articular, and three give attachment to muscles ; 
lastly, the notches which transmit the spinal nerves. 

In examining a single vertebra it is necessary first to ascertain 
to which region it belongs, and then which vertebra it is of that 
region. We will therefore describe first the distinctive characters 
of the region, and then the peculiar characters of the individual 
vertebrae, as fiur as they can with certainty be distinguished. 

Cervical VertebraD — Distinctive Character. — All the cer- 
vical vertebrae, and they alone, have a foramen in the base of each 
transverse process, which (excepting that in the 7th) transmits the 
vertebral vessels and a plexus of sympathetic nerves. 

deneral Charac^tera of the Cervical VertehrflD. — There 
are seven cervical vertebrae. The * bodies,' excepting the first 
and second, are broader from side to side than from before back- 
wards, and a lateral ridge projects from each side of their upper 
borders, and fits into a corresponding depression on the sides 
of the vertebra above (Plate XXV. fig. 4). Each *body ' slopes 
a little forward, and overlaps the one below. (Plate XXVII.) 
By all this interlocking, lateral displacement is prevented ; 
this mechanism compensating for the apparently insecure connec- 
tions of the articular processes. Their * spinous processes ' are 
horizontal, and give attachment to the liganientum nucha? as well 
as to the muscles which maintain the head erect. Rut the spinous 
processes of the third, fourth, and fifth are especially short, and 
permit the free extension of the neck, and are very distinctly 



THE YEBTEBBAL GOLUKK. 131 

bifurcated ; they overlap each other a little in extension, as any 
one may see in the dry bones by moving them backwards over 
each other. There is a groove on the upper surface of each trans- 
verse process in which lodges the spinal nerve ; and this groove 
bifurcates the summit, so that there are two * tubercles ' formed, 
an anterior and a posterior (in the lower five), both for the 
attachment of muscles. Observe especially the large size of the 
anterior tubercle of the sixth cervical vertebra. It is called the 
carotid tubercle, being a guide to the carotid artery. Strictly 
speaking, we ought to say that the transverse process of a cervical 
vertebra arises by two roots or bars, an anterior and a posterior, 
which subsequently join, and so form the foramen which transmits 
the vertebral artery, vein, and a plexus of nerves : the anterior 
root springs from the side of the body : the posterior springs from 
the arch. Their * articular processes ' are flat, oblique, and in- 
clined, so that their planes make an angle of about 45° with the 
horizon. The upper processes look backward and upward, the 
lower forward and downward. Their obliquity permits the 
requisite flexion and extension of the neck, as well as slight lateral 
inclination of it. A dislocation of one of these vertebrae may 
happen without fracture of the articular processes. Such a dislo- 
cation is exceedingly rare ; but there are specimens of it in the 
Museum of St. Bartholomew's Hospital. It may be produced by 
sudden and forcible rotation of the neck. Baron Boyer ^® speaks 
of an advocate who dislocated one of his cervical vertebrae by sud- 
denly turning his head round to see who was coming in at a door 
behind him. 

iBt and 2nd Cervical Vertebro. — ^The 1st and 2nd cervical 
vertebrae differ most remarkably from the rest, as they respectively 
permit the nodding and the rotation of the head. 

iBt Cervical Vertebra i Atlas. — ^The 1 st cervical vertebra 
(Plate XXV. fig. 5) is called the * atlas,' because it supports 
the head. This is the only vertebra which has no body. The 
odontoid process of the axis (the 2nd cervical vertebra) is the 
body of the atlas, and is thus transferred and fixed to the second 
vertebra, forming a pivot or axis upon which the atlas rotates. It 
seems, at first sight, rather far-fetched to say that the atlas rotates 
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round its own body (detached) ; but it is nevertheless tme, and 
borne out by the facts of philosophical anatomy. The 'spinons 
process ' is a mere tubercle (the posterior tubercle) to which the 
* rectus capitis posticus minor ' is attached. A large spine here 
would interfere with the free backward movement of the head. 
This vertebra is like a ring, wider behind than in front, and 
thickened on each side, forming the * lateral masses' and the 
articular surfaces. In front there is a small * anterior tubercle,* 
into which is inserted a portion of the * longus colli.' 

Now the form of the atlas is adapted to the rotatory move- 
ment of the head. In the first place there is a little articular sur- 
face, the odontoid articulation, on the back of the anterior part of 
the ring of the atlas. The * transverse processes ' are thick and 
strong, and project far beyond those of the other cervical vertebrae, 
and give great leverage to the inferior oblique muscles which 
assist in rotating the head from side to side. Its * inferior arti- 
cular ' processes look downwards and slightly inwards ; they are 
nearly horizontal, flat and circular, like the upper ones on the axis 
on which they slide, in the movement of rotation of the head. 
The * superior articular surfaces ' are concave, and articulate with 
the convex condyles of the occipital bone, and are similarly oval, 
converge anteriorly, and lie near the front of the foramen. The 
outer edges being the highest, they form two little cups looking 
upwards and inwards, which receive the occipital condyles, sustain 
the whole weight of the head, and permit its nodding movement. 
On the inner side of each articular process is a tubercle which 
gives attachment to the strong * transverse ' ligament, which con- 
fines the odontoid process in its position. The * arch ' formed by 
the laminae is wider than in other vertebrae, and leaves such 
ample space that lateral displacement of the atlas has occurred 
without compression of the spinal cord.^* On the upper surface 
of each lamina is a groove (sometimes a complete bony canal) for 
the vertebral artery and suboccipital nerve ; this corresponds to 
the superior notch in the other vertebrae. Lastly, the ' notches * 
for the nerves are plnced behind the articular processes, while in 
all the other vertebrae (except the upper notch in the axis) they 
are in front of them. 
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2nd Cervical Vertebra i Axis. — ^The 2nd cervical vertebra 
or * vertebra dentata ' (Plate XXV. fig. 6) is called the ' axis * 
because it is the axis upon which the atlas (with the head) 
rotates. The pivot, termed the ' odontoid process ' from its re- 
semblance to a tooth, rises vertically from the 'body' of the 
axis, and fits into a ring formed in front by the atlas, and behind 
by the strong * transverse' ligament which passes between the 
lateral masses of the atlas, and divides the vertebral foramen of 
that bone into two parts, an anterior for the reception of the 
odontoid process, and a posterior for the passage of the spinal 
cord. It is a mechanism resembling a tenon and mortise.^^ The 
odontoid process has a smooth surface in front, which articulates 
with the atlas ; another behind, on which plays the ligament. 
There is a distinct synovial membrane and a layer of cartilage on 
each surface, so that they possess all the apparatus of a joint. 
Moreover, it is slightly constricted at its lower part (forming what 
is called ' the neck '), which the * transverse ' ligament clasps 
securely. Lastly, its summit or * head ' is rough and sloped 
laterally. From these lateral slopes proceed the * check' or 
* odontoid ' ligaments, which fasten the odontoid process to the 
occipital bone. Notwithstanding the strength of its ligaments, the 
odontoid process does sometimes slip out of its ring. The follow- 
ing is an instance: — A lady was carrying her child on her 
shoulders. Losing its balance, the child clung to its mother's 
head, and drew it suddenly and forcibly backwards. The lady 
fell dead. It is more liable to dislocation in children, because 
the ligaments are weaker than in the adult. Petit relates the 
case of a child who was instantaneously killed by being lifted 
by the head. Considering the importance of the odontoid pro- 
<;ess, we are not surprised that its internal structmre is much 
more compact than that of the body of the axis. The upper 
"^ articidar processes ' are placed, partly on the body and partly 
on the root of each transverse process; they are nearly flat 
and circular, and slope a little downward and outward. Like 
those of the first vertebra, they have a very strong base, and 
transmit to the * body ' the weight of the head. The * notch ' is be- 
hind them. The lower * articular processes' are oblique, and placed 
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considerably behind the upper, and correspond with the line of 
the articular processes of the succeeding vertebrae which they re- 
semble. The intervertebral * notch ' is in front of them, as in all 
the vertebrae below. The * transverse processes' are compara^ 
tively small, and not grooved or bifurcated ; but the hole at their 
base is inclined obliquely outwards, corresponding to the curve of 
the vertebral artery. The * laminae ' of the arch are remarkably 
strong. The * spinous process ' stands well out, and bifurcates 
widely, giving great leverage to the inferior oblique muscles 
which rotate the head. The great size and projection of this 
apvrunbs process is one of the distinguishing characters of the axis ; 
and with this we should associate the large size of the trcmaverse 
processes of the atlas, these being the respective attachments of 
the inferior oblique muscles. 

3rd, €tli, and Sth Cervical Vertebro. — ^The 3rd, 4th^ 
and 5th cervical vertebrae can be easily distinguished from the 
rest, although not from one another, by the following points : — 
Their spinous processes are spread out horizontally, and are thin,, 
bifid, and short (Plate XXV. fig. -J), thus allowing the neck to 
be bent backwards very considerably before the spines come into 
contact. 

6tb Cervical Vertebra. — The spine of the 6th is shorty 
it is not bifid (or rarely so), and runs nearly horizontally back- 
wards, but is not spread out like the 3rd, 4tli, and 5th. 

7th Cervical Vertebra. — The 7th cervical is called the 
* vertebra prominens ' on account of its long and prominent spine, 
which can be easily felt at the back of the neck. It slopes down- 
wards, and thus somewhat resembles those in the dorsal region, and 
gives attachment to the * ligamentum nuchas.' The foramen in the 
transverse process is never traversed by the vertebral vessels, and 
is in some rare cases absent. Moreover, the transverse processes,, 
though so long and broad as to suggest a rudimentary rib, are but 
slightly grooved, and have no distinct tubercles. This vertebra in 
some rare instances has two little (cervical) ribs attached to it, one 
on either side, in form and situation resembling the cervical ribs 
of animals. A cervical rib may be mistaken for a bony tumour if 
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the surgeon does not bear in mind that such an anomaly may exist 
in the skeleton. It is sometimes united with the first rib. 

Dorsal Vertebro i DlstinctiTe Charac^ter. — All the 

dorsal vertebrae, and they alone, have facets on the sides of their 
bodies with which the heads of the ribs articulate. 

Dorsal Vertebro i Oeneral Characters. — The general 
characters of the twelve dorsal vertebrae are as follows : — Their 
* bodies ' are heart-shaped, and smaller than those of the lumbar, 
and they have less weight to bear. Their vertical depth is less in 
front than behind, especially near the middle of the back, in 
adaptation to the dorsal curve. They have two little cup-like 
fecets on each side for the articulation of the heads of the ribs, 
the lower cups being the larger. By referring to the spine 
(Plate XXVI.), we observe that the socket for the head of the rib is 
formed by the articular facets of two vertebrae with the intervening 
fibro-cartilage. Their * spinous processes ' are long, clubbed at the 
end and slant downwards, so that they overlap each other, especi- 
ally near the middle of the back, and prevent extension of the 
spine in this region. Their * transverse processes ' are thick and 
strong, and each has in front, near its end, an articular surfece 
for the tubercle of a rib, which it supports like a buttress. Ob- 
serve that the transverse processes of the seven upper dorsal 
vertebne are very thick and strong, and support the seven true 
ribs, whilst the five lower gradually diminish in size ; those of the 
eleventh and twelfth are the smallest of all, and they do not sup- 
port ribs ; these lower ones present three tubercles, of which more 
will be said hereafter. The * laminae ' are broad and flat, and 
slope one over the other. Of the * articular processes ' the upper 
look backward, the lower forward, and the planes of both are so 
nearly vertical that it is manifest there can be but little move- 
ment between any two dorsal vertebrae. The * vertebral foramen ' 
is nearly round. 

Ist, 9tb, lOtb, lltb, and IZth Dorsal Vertebro. — 
The FIRST dorsal vertebra has on the side of its * body ' an articular 
surface for the whole of the head of the first rib, and a smaller one 
at the lower border for half of that of the second rib. Again, the 
upper surface of its body has lateral ridges like the cervical 
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vertebnc. The NINTH dorsal has usually only half a facet on the 
upper part of the body. The tenth dorail has generally an entire 
facet for the tenth rib. The ELEVENTH and tivelfth dorsal have 
each a single artucular facet for the eleventh and twelfth ribs re- 
spectively, and their ' transverse processes,' much reduced in size, 
do not articulate with the ribs. Moreover, they are smaller than 
in the upper dorsal region, and they resolve themselves into three 
tubercles (seen in fig. 25). The twklvtii dorsal may be distin- 
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guished from the klkvekih by the fact tluit its lower articular 
processes look outward, like the corresponding processes in the 
lumbar vertebrte. Its spinous process is sliort and square, and 
more like those of the lumbar vertebra. The tubertles of it« 
transverse process are always well-marked. (Plate XLV. fig. 2.) 

KninlMU- V«rt«bne i SlstlnatlTe Cbaraoteni. — The 
lumbar vertebne have neither holes in their transverse processes 
nor articulations for ribs, 

•eneral Oluu-aotsra of the Kumbar V«rtobm. — The 
general characters of the five lumbar vertebne are as follows ; — 
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The ' bodies ' are large and oval, with their broad diameters trans- 
verse, and firmly support the trunk. The vertical measmrement 
of the bodies is greater in front than behind, in adaptation to the 
lumbar curve. Their sides are slightly excavated, which economises 
weight and bulk. Their ' spinous processes ' are broad, in their 
vertical measurement, thickest at the lower border, and give good 
leverage to the extensor muscles of the spine : they stand out 
horizontally, and so do not interfere with the extension of the 
back. Their ' transverse processes ' are thin and long, and 
appear like stunted ribs, but are not true ribs. Their * articular 
processes ' are vertical, and very strong : the upper, slightly con- 
cave, look towards each other ; the lower, slightly convex, are 
nearer together, and fit in between the upper ones of the succeed- 
ing vertebra. Thus, these articulations are so shaped that they 
admit, not only of extension and flexion of the loins, but of a 
certain amount of rotation, which is useful in progression. The 
* vertebral foramen ' is triangular, with the angles rounded. 

CharacterB of the last Lumbar Vertebra. — The last 
lumbar vertebra is distinguished (1) by the slope on the lower sur- 
face of its body, in adaptation to the slope of the sacrum ; (2) by 
the great thickness of the root of its transverse process which springs 
more from the body, the ilio-lumbar ligament being attached to 
this additional massiveness ; (3) by its lower articulating processes 
being placed so widely apart; and (4) by its spinous process being 
somewhat reduced in size, thereby leaving room for the free 
extension in this part of the back. 

TuberoleB on the Lower Dorsal and Lumbar Vertebro. — 
An observant eye looking at the back of a well-marked spinal 
column will find that the transverse processes of the lower dorsal 
vertebrae have a tendency to resolve themselves into three bony 
prominences at their extremities. The twelfth (often the eleventh) 
transverse process actually terminates in three such prominences 
or tubercles ; one being superior, a second inferior, and a third 
external (see fig. 25). The ' superior tubercle ' is close behind the 
superior articular process. The ' inferior tubercle ' is in a straight 
line immediately below the superior ; the * external ' projects in 
front of the other two tubercles, and is seen to be in a line with 
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that part of the transverse processes of the upper dorsal Yertebrs^ 
which bears the ribs. Now the superior and inferior tubercles 
gradually fade away in the lumbar vertebrae; but the external 
tubercle increases in size, and forms the transverse process of the 
lumbar region. Hence the transverse process of a human lumbar 
vertebra is homologous to that part of the transverse process of a 
typical dorsal vertebra which articulates with the tubercle of a rib» 
The tubercles are shown in Plat« XLV. fig. 2. 

In the human subject these * tubercles ' ^* serve only as attach- 
ments for muscles ; but in some animals they attain extraordinary 
size, and have other functions. For instance : in the armadillo 
(No. 2335 B), the superior tubercle is as long as the spinous process 
itself, and helps to support the armour* In the Camivora the in- 
ferior tubercles gain a conspicuous development in the lower dorsal 
and upper liunbar regions, and contribute to the lateral security of 
the spine. 

Table contrasting the important parts of the Vertebrs in 

THE DIPTERENT EeGIONS. 

We have shown how the vertebrae of the diflferent regions of 
the spinal column may be distinguished, within certain limits, by 
the examination of any one of their constituent parts. These 
important parts are contrasted in the annexed table. 

I Ctrvical, — Always broadest transversely. Lateral ridges on upper 
surface. 
Dorsal. — Transverse and antoro-poetcrior measurements neitrly eqoal, 
except in two or three uppermost. Facets or parts of 
facets on sides for heads of ribs. 
Luiiihar. — Always broadest transversely, somewhat kidney* shaped^ 
I no ridges, no facets. 

Cervictd. — Long, thin and flattened. 
• Dorsal, — Short, very broad vertically. 
Lumhar. — Very short and stout. 

Cervical, — Bifurcated, grooved underneath. 
Dorsal, — Long, very oblique, tubercle at summit. 
Lunihar, — Broad and square. 

Cervical. — Bifurcated, grooved on upper surface. Foramina for 
vertebral artery. 
PanrK"^" J 2)or«fl/. — Large and strong; facets* for tubercles of ribs, except 

eleventh and twelfth. 
iLun^ar, — Thin, long and narrow. 
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/ Cervical. — Surfaces plane, inclined at angle of 45°, look backward 



supbriob 
Abticulab 
Pbocbsses. 



and upward. 

Dorsal. — Surfaces plane, almost vertical, look backward and out- 
ward. 

Lumbar. — Surfaces concave, vertical, look backward and inward. 



Vertebrca Column as a Whole.— The spine is a most 
wonderful piece of mechanism, and has excited the admiration of 
anatomists in all ages, from the various and apparently incompatible 
offices it serves (Plate XXVT.). It forms a column, at once strong 
and firm, which supports the body in the erect position ; it is flexible, 
and so admits the bending of the trunk in various degrees ; it is 
elastic, diminishing concussion of the head. It forms a continuous 
canal at the back of the column, which contains and protects the 
spinal cord, a basis for the origin of the muscles which spread 
over the trimk, and a lever for the muscles which keep the body 
erect. All these oflBces are performed by it with so much safety, 
that even the feats of a mountebank rarely injmre the spine. 

Strencrtb of the Spine. — ^The main strength of the spine 
depends upon this, — that it consists of a chain of bones so locked 
together, that the degree of motion between any two is limited, 
though the sum of the whole is extensive. Another reason of the 
strength of the spine is its arrangement in alternate curves. 
Mathematicians have calculated that it is many times stronger, 
and more adapted to resist vertical pressmre, than if it were 
straight, the force being decomposed by the curves.^* Look at the 
enormous weight which a man can carry with ease and safety on 
his head. Moreover, the curves convert the spine into so many 
elastic springs, which prevent the jarring of the brain. Besides 
this, the curves are admirably disposed for the lodgment of the 
internal organs, and the transmission of the weight of the head 
and trunk in the line of gravity. They are so regular and gentle 
withal, that the spinal cord runs no risk of compression ; and 
lastly, they give the body that graceftil form which has been the 
* line of beauty * in every age. 

The weakest part of the spine is about the last dorsal vertebra ; 
firstly, because it is the narrowest part of the colunm ; secondly, 
because it is not supported by the ribs like the higher dorsal 
vertebrse ; thirdly, because it is the centre of the spine and the 
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centre of motion in the back, and .therefore exposed to the power- 
ful leverage of the spine above and below it. Again, at the arti- 
culation between the last dorsal and the first lumbar vertebrae, the 
pliable lumbar part of the spine suddenly joins the comparatively 
rigid dorsal region. 

CurveB of the Spine. — The curves of the spine are produced 
partly by the relative thickness of the bodies of the vertebrae in 
the difiierent regions, but chufiy by the relative thickness of the 
intervertebral fibro-cartilages and the tension and elasticity of the 
* ligamenta subflava ' which connect the laminae. 

Bztent of Motion in Different Begrions.— From common 
observation, as well as jfrom experiments, it appears that flexion 
and extension, as well as lateral movement of the spine, are freest 
in the neck, less free in the loins, and least free in the dorsal region. 
Now the component i)arts of the vertebrae are shaped accordingly. 
Thus, in the "iiecJc the articular processes are oblique, the spinous 
processes of the third, fourth, and fifth vertebra? are short and 
spread out horizontally, and the intervertebral substances thick. In 
the back these substances are thin, the articular processes nearly 
vertical, and the spinous processes are long and overlap each other, 
particularly about the middle of the back, where the heart lies, 
firom the fourth to the eighth dorsal vertebra ; so that there can- 
not be much movement between the bones. In the lovnSy the 
thickness of the intervertebral substances, the horizontal and wide- 
apart spines, and the shape of the articular processes combined, 
allow more motion than in the back, but less than in the 
neck. 

The movements of which the spine is capable are threefold : 
(1) Flexion and extension ; (2) Lateral inclination ; (3) Torsion. 
Flexion and extension are freest between the third and sixth cer- 
vical vertebrae, owing to their short and horizontal spines ; between 
the eleventh dorsal and second lumbar ; and, again, between the 
last lumbar and the sacrum. This is well seen in cases of tetanus 
(' opisthotonos '), where the body is supported on the back of the 
head and the heels ; or when a mountebank bends backwards and 
touches the ground with his head. The lateral movement is 
freest in the neck and in the loins. The articulations of the lum- 
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bar vertebrae admit of a certain amount of rotation or torsion, as 
proved by the following experiment : Sit upright with your head 
and shoulders well applied against the back of a chair ; the head 
and neck can be rotated to the extent of 70**. Lean forwards so 
as to let the lumbar vertebrae come into play ; you can then turn 
your head and neck 30° more. 

Zntervertebral Fibro-Cartllagre. — ^The intervertebral fibro- 
cartilage provides for the elasticity as well as the flexibility of the 
spine. The solidity of this substance gradually diminishes from 
the circumference towards the centre, where it forms a soft and 
almost incompressible pulp, permitting, to a limited extent, the 
motions of a ball-and-socket joint ; namely, a gentle bend in 
every direction, with a small amount of rotation. Its great elas- 
ticity breaks the force of jars by gradually yielding, and always 
tends to restore the column to its erect form, Ijong-continued 
pressure during the day will, indeed, make the intervertebral 
substances yield, so that a man loses in height perhaps ^ or even 
^ an inch ; but this is recovered after a night's rest. At the 
same time it should be remembered, that a habit of leaning too 
much on one side will make the yielding of the intervertebral 
substance permanent. Even the bones themselves, while they 
are growing, will yield under such circumstances. There may be 
considerable distortion without actual disease. 

Shape of the Column firom the Front. — As to the form 
of the column in front, we observe that it is pyramidal, and that 
the bodies of the vertebrae gradually increase in size from above, 
and form a broader and broader base of support as the weight to 
be supported by each one in succession becomes greater. The 
atlas, in consequence of the great projection of its transverse pro- 
cesses, necessary for the rotation of the head, tops the pillar like 
a * capital.' It is, however, necessary to remark, that there is a 
partial enlargement of the column about the lower part of the 
cervical region, which gives a broader base to the neck; 
and again a slight decrease in its breadth, about the third and 
fourth dorsal vertebrae, which allows more room for the lungs. 
Moreover, we commonly observe a very gentle lateral curve in the 
dorsal region, particularly about the third, fourth, and fifth 
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vertebrae, with the concavity towards the left side. The cause of 
this curve has been much discussed. Some anatomists attribute 
it to the more frequent use of the right arm ; others to the pre- 
sence of the aorta. The solution of the question is of no practical 
value ; all we need remember is, that the curve is natural. 

Back of the Column. — At the back of the colunm, we 
observe the long row of spinous processes forming the vertical 
crest which gives the name to the * spine.' The spines of the 
vertebrae should be examined on the living subject when the head 
is bent forwards and the arms folded. At the risk of repetition 
we will again direct attention: 1. To the suppression of the 
«pine in the atlas, which permits the free extension of the head. 
2. To the great projection and bifurcation of the spine of the axis 
which gives attachment to the inferior oblique muscles which 
rotate the head and atlas. 3. To the shortness and horizontal 
position of the spines of the third, fourth, and fifth, which allows 
of free extension. 4. To the spine of the * vertebra prominens,' 
where the ligamentum nuchae is attached. 5. To the overlapping 
of the long spines of the dorsal vertebrae which limits movement 
in the region of the heart and lungs. These organs could not 
resist stretching or compression like the abdominal viscera, 6. To 
the square lumbar spines, the planes of which are vertical. 

Vertebrca droove. — On either side of the spine is a deep 
furrow, termed the * vertebral groove,' and formed by the laminae. 
It is bounded in the neck and back by the transverse processes, in 
the loins by the articular processes. The groove is narrowest 
about the junction between the last dorsal and first lumbar 
vertebrae (the weakest part of the back), and widest at the 
sacrum. The groove is occupied by the strong muscles of the 
back. The crest, being all that we can either see or feel 
of the spine during life, is the part we immediately examine in 
cases of injury or disease. In making this examination, we ought 
to be aware that the spines of the several vertebrae do not always 
succeed each other in a precisely straight line, but that one, here 
and there, may deviate to the right or the left, even in persons of 
the strongest frame. 

Throughout the spine the intervertebral foramina are in front 
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of the articular processes. But it is worth observing that the 
transverse processes vary in position. In the cervical region they 
lie between the foramina and are grooved by nerves. In the dorsal 
region they lie further back between the articular processes in 
accommodation to the ribs which lie between the foramina. In the 
lumbar region the transverse processes lie between the articular 
processes and the intervertebral foramina. 

Vertebral Canal. — Respecting the vertebral canal (shown 
throughout in Plate XXVII.), remark how well it is protected from 
injury by the breadth of the arches of the vertebrae. The arches 
overlap each other, so that it would be diflScult for a cutting 
instrument to penetrate anywhere, except perhaps in the lumbar 
region, and, again, between the arch of the atlas and the occiput, 
where animals are usually * pithed.' The area of the canal is 
larger in the lower cervical and in the lumbar region than else- 
where, for the reason that the spinal cord itself presents corre- 
sponding enlargements in those parts where the great nerves of the 
limbs proceed from it. Observe well the relative size and mode of 
formation of the intervertebral foramina by the notches (Nor. Hum. 
Ost. No. 73). 

Oftsifioatlon. — ^As a rule, each vertebra is ossified in cartilage 
from eight centres, of which three are * principal,' — ^namely, one 
for the body and one on each side for the arch and its processes 
•(Nor. Himi. Ost. No. 35) : the remaining five are * epiphyses,' and 
appear, soon after the age of puberty, as follows : — one in the 
cartilaginous end of the spinous process, one in the cartilaginous 
«nd of each of the transverse processes, and one for each of the 
discs which form the articular surfaces of the body. The five 
epiphyses become united to the vertebra by bone about the 
twenty-fifth year. 

Ossification usually commences at the sides of the arch just 
before it begins in the body of the vertebra, — viz. about the 
seventh week after conception. The sides of the arch imite first 
at the base of the spinous process, so that the ossification of the 
arch is complete in the first year after birth. During the third 
year the bases of the arch unite with the independently ossified 
* centre * or * body.' 
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It must be borne in mind that the sides of the bodies are 
ossified from the arches ; the line of junction is the ' neuro-central 
suture ' of scientific anatomists. 

Bzoeptions to tbe O-eneral Role. — Where vertebrae 
undergo great modifications of form, we meet with exceptions to 
the above rule. Thus the atlas has only two * primary ' centres, — 
one for each of its lateral halves ; and two * epiphyses,' one for 
the anterior tubercle, the other for the posterior. The odontoid 
process of the axis has two additional centres placed side by side 
and unites to the body in the third year. It has also two small 
epiphyses, one at the tip, and another between the centres for the 
process and the centre for the body of the axis. These epiphyses 
are homologues of the discs of ordinary vertebrae, and help to 
justify the general opinion that the odontoid process is really the 
body of the atlas ; although, if it be so, it is remarkable that this 
body should have a pair of centres. 

There is a separate ossification for the * superior tubercles ' or 
* mammillary processes ' of the lumbar vertebrae. 

Comparative Osteologry- — In all known mammalia there 
are seven cervical vertebrae, with the following exceptions : Hoflf- 
mann's two-toed sloth — Choloepus Hoflfmannii (No. 2387 F) has 
six; the Three-toed sloth — Bradypus Tridactylus (No. 2367) has 
nine. In Bradypus, however, the ninth, and sometimes the 
eighth, bears a pair of short movable ribs; the manatee, again — 
Manatus Americanus (No. 2647 a) — has only six cervical vertebne. 
The number of cervical vertebrae bears in no case any relation 
to the length of the neck. The short neck of the whale and* the 
long neck of the girafi'e (No. 3617) contain each seven cervical 
vertebrae. The Greenland fin-whale in the ]Mus. Eoy. Coll. Surg., 
appears to have but one cervical vertebra. An inspection of the 
transverse processes, however, shows that it has seven, and that 
they have become anchylosed. The lesser fin-whale, next to it, 
has the seven vertebral bodies perfectly distinct. 

The bifurcation of the spines of the cervical vertebrae is almost 
peculiar to the human skeleton. It aflfords more room for the 
insertion of the i)Owerful muscles which maintain the neck, and 
therefore the head, erect. 
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In the gorilla, the spines of the five lower cervical vertebrsB 
{No. 5178) are longer in proportion than those of any other known 
animal. They measure from three to four inches in length, and 
form one of the most striking features of diflference between this 
skeleton and that of man. 

The whale (Cetacea) has no odontoid process, and thus diflFers 
from the manatee (Sirenia), which has a well-marked one. See 
Series of Separate Bones, Mus. Eoy. Coll. Surg. 

In the chameleon each of the two lower cervical vertebrae 
bears a pair of cervical ribs (Nos. 664 a, 665 a) ; and in the 
snakes all the vertebrae, excepting those of the tail, carry mov- 
able ribs. Cervical ribs may also be seen in crocodiles (see Nilotic 
Crocodile, No. 717 D). 

WTien mammalian vertebrae are very numerous, the great 
number is made up of caudal vertebrae ; but when a bird's vertebrae 
are numerous, the number is made up of cervical. There are 
nine in the neck of the sparrow, and twenty-three in that of the 
swan. 

In the wading birds (Grallatores), whose long legs raise the 
body some two feet or more above the water in which they wade, 
the neck is long enough to enable their beaks to reach the ground. 
Thus their necks are in proportion to the length of their legs. 
See the flamingo. 

In swimming birds, as ducks and swans, the length of the 
neck is in no relation to the length of their short legs, but is in 
proportion to the depth to which they have to reach for food. 

In man the upper and lower surfaces of. the bodies of the 
vertebrae are slightly cup-shaped, and receive in their depressions 
the convex surfaces of the discs of fibro-cartilage, which are placed 
between the bodies of the vertebrae, and give the spinal column 
its elasticity. In most fishes the bodies are so deeply cupped above 
and below, that there is a perforation in the centre through which 
the intervertebral substances are continuous (Nos. 433 to 437). 
In man the soft central part of this intervertebral substance is the 
remains of the chorda dorsalis, which persists in fishes, and is con- 
tinuous through the central perforations. See the central cavities 
for the chorda dorsalis in the blue shark, No. 413 ; also No. 13. lu 
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the mud fish (Dipnoi) all the notocord is persistent, and there are- 
no centra to the vertebrae whatever. This may also be seen in the 
Amphioxus Lanceolatus (No. 8). 

The epiphyses on the upper and lower surfaces of the bodies 
of the vertebrae should be especially examined in the whale (Sepa- 
rate Series). They form complete plates of great size, and being 
separable from the bodies of the vertebrae in many of these animals,, 
are very abundant on the sea-shore in northern climates. It is: 
interesting that when H.M.S. * Hecla ' was wrecked, the crew used 
these discs as plates. 

In serpents (Ophidia) the body of each vertebra is cup-shaped 
in front, and receives the rounded head of the one in front of it 
(Nos. 604 to 609), and this is the same in many of those of the- 
crocodiles in which the upper surfaces of the bodies are cup-shaped, 
and each receives the convex projection from the lower surface of 
the vertebra above. 

In many flying birds, the dorsal vertebrae are fixed to one 
another by fusion of the spines, and often of the transverse pro- 
cesses and bodies. In birds that do not fly, such as the cassowary 
and the ostrich, they retain their mobility (Nos. 1633, 1633 A — B 
and 1634). 

The vertebrae, which vary in number so widely throughout 
the animal kingdom, attain in the tiger boa (Python tigris, Nc 
602) the enormous number of 291 in all. 

In tortoises (Chelonia) the dorsal vertebrae are immovably^ 
connected, and have no transverse processes. The proximal ends 
of the ribs unite directly with the vertebrae, and are also im- 
movable. 



THE SACRUM. 
(Pr>ATK8 XXVin., XXIX.) 



Situation and Inclination. — The ^ sacrum ' ^^ is situated 
at the back of the pelvis, and wedged in between the two inno- 
minate bones. It forms the * keystone ' of the arch which supports 
the spine, and transmits the weight of it to the lower limbs,. 
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Observe that it inclines backwards, and forms, with the last 
lumbar vertebra, a roimded angle, termed the * promontory ' of 
the sacrum. This inclination answers a double purpose : it not 
only makes the pelvis capacious, but breaks the force of shocks 
transmitted from the pelvis to the spine. 

Composed of five Vertebra. — Its general shape is tri- 
angular. It plainly consists of five vertebrae,'^ with their bodies 
and processes all consolidated into a single bone. Examine its 
anterior and posterior surfaces, its sides, its base, and its apex. 

Anterior Surfikoe. — Its anterior surface is concave from 
above downwards, and from side to side, in adaptation to the 
pelvic cavity. The curvature of the bone forwards, inferiorly, not 
only assists in supporting the pelvic viscera, but permits us to sit, 
which we could not have done had the bone projected like a tail. 
In the middle, are the anchylosed bodies of the five sacral 
vertebrae decreasing in size from above downwards, and the four 
transverse ridges indicating their union. On each side of the 
ridges are the four anterior sacral foramina, with grooves leading 
from them for the passage of the anterior branches of the sacral 
nerves. 

The bone exterior to the foramina, on each side, is made up 
of parts which in the three upper sacral vertebrae are homologous 
to ribs. These are united to the bodies, to each other, and 
to the transverse processes behind, so as to form a solid lateral 
mass. Here the *pyriformis ' arises. (Plate XLVII.) 

Posterior Surface. — ^The posterior surface of the sacrum 
is convex, and presents, in the middle line, the spines of the 
four upper sacral vertebrae, usually coalesced into a vertical crest, 
for the origin of the ' erector spinae.' The last sacral vertebra, 
and sometimes the last two, have no spines, and even their 
arches are more or less deficient, so that the termination of the 
vertebral canal is here left unprotected in the dry bone ; and in 
the recent state it is covered only by a fibrous membrane. This 
explains the serious effects that are apt to follow an injury to 
this part. Sloughs from bed-sores are sometimes deep enough 
to expose the vertebral canal. On each side of the crest is the 
vertebral groove ; and here are the faint traces of the anchylosed 
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articular processes of the sacral vertebrae. Tlie most conspicuous 
of these processes are those of the last vertebra: they project 
like two knobs of bone, and are called the * comua ' of the sacrum : 
they correspond with the comua of the coccyx, with which they 
are connected by ligaments. 

Posterior Foramina and Tuberoles. — Next to the arti- 
cular processes are the four foramina which transmit the posterior 
sacral ner\'es. These posterior foramina are directly oppo- 
site the anterior. Beelard, in his lectures, relates the case of a 
sharp instrument running through both into the pelvic cavity. 
The fifth sacral nerv^e emerges through the little * notch ' beneath 
the sacral cornu. Still more externally are the * tubercles,' indi- 
cating the anchylosed transverse processes. These, like the crest, 
give origin to the tendon of the * erector spinse.' (Plate XLIII.) 

Base of Saomm. — The base or upper end of the sacrum 
presents the oval surface of the body of the first sacral vertebra, 
which articulates with the last lumbar, a thick fibro-cartilage 
intervening. When the bone is in its proper jx>sition, this upper 
surface slants downwards and forwards, forming, with the lumbar 
vertebra, the sacro- vertebral angle, or ' promontory,' before referred 
to (page 147). On each side of the body are its thick and strong 
lateral masses, expanded like wings, which transmit the weight 
of the trunk to the iliac bones. Kach wing has a rounded edge 
in front, which forms part of the brim of the true pelvis. Behind 
the body is the triangular opening of the vertebral canal formed 
by ^the vertebral arches. I^astly, on each side of the canal are 
the articular processes for the last lumbar vertebra. They are 
set very wide apart, giving a broad base of support to the spine ; 
they look backwards and inwards, are slightly concave from side 
to side, and thus permit a slight rotatory movement. In front 
of each articular process is the indication of the notch for the 
passage of the last lumbar nerve. 

Apex. — The apex of the sacrum is formed by the diminutive 
body of the last sacral vertebra, and has an oval articular surface 
for the coccyx. 

Saoro-lUae SympbTsis. — At the sides of the sacrum, notice 
the surface which is connected to the ilium, forming what is 
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called the * sacro-iliac ' symphysis. Three sacral vertebne concur 
to form it. The connection is eflfected, partly by cartilage, partly 
by ligament. The cartilaginous part is in front, and is mapped 
out on the dry bone in the shape of a little ear, hence it is called 
the * auricular ' surface of the sacrum. Behind this is the rough 
and deep excavation denoting the attachment of the strong inter- 
osseous ligament connecting the two bones. Separation of the 
* sacro-iliac ' symphysis does sometimes, though rarely, take place 
as the result of injury. It is an accident of the gravest kind, and 
one rarely sees recovery in such a case, since it is almost sure to 
be accompanied with other injury to the pelvic viscera. Lastly, 
the side of the sacrum below the auricular part gives origin to 
some of the fibres of the ' gluteus maximus.' 

Ossification. — The sacral vertebrae are ossified like the others, 
with the addition of an independent centre on each side of the 
first three for the formation of the lateral mass. Now, since every 
vertebra has three primary centres (one for the body and two for 
the laminae, or arches), and two secondary centres for the body (the 
discs on the upper and lower surfaces), the number of centres for 
the five sacral vertebrae stands thus : — 

3 X 5= 15 centres for the bodies. 
2 X 5 = 10 centres for the arches. 
2x3= 6 additional centres for the lateral masses of the 

— first three vertebra*, 

that is 31. 

To these add four epiphysial plates, two on each side, the upper 
for the auricular surface, the lower for the outer margin of the 
sacrum beneath that surface — making in all 35 centres. 

The component parts of each vertebra unite together first. 
Thus complete, the vertebrae remain separate until about the 
15th year, when they begin to unite ; not all at once, but in 
regular succession from below upwards. The lateral masses 
unite before the bodies. The * auricular ' discs do not appear till 
about the 20th year, and the whole bone is not consolidated 
before the 26th year, or thereabouts. However, even in ad- 
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vanced age, one sometimes finds the bodies of the upper sacral 
vertebrae still united in the centre by cartilage only. 

Comparative Osteologry- — Animals with well-developed 
hind-legs, which articulate with a pelvis, have a more or less 
developed sacrum, formed by one or more vertebrae. Supple 
animals, such as the tiger, will be seen to have a very rudimen- 
tary sacrum ; the component parts are not welded together into a 
confused mass like that of man. 

Snakes (Ophidia) have no sacrum, although there are rudi- 
mentary hind limbs in Typhlops, Python Begins and Tortrix. In 
the dugong and manatee (No. 2647, Sirenia) the sacrum is 
wanting as well as the hind limbs. 

There is no sacrum in the whales (Cetacea). 

The simplest form of sacrum is seen in the frog. It consists 
of one vertebra only, the transverse processes of which are expanded 
to articulate with the ilia. 



THE COCCYX. 
(Plates XXVIU.. XXIX.) 

Constitution and Sliape. — The coccyx derives its name 
from a fancied resemblance to the beak of a cuckoo {kokkv^). It 
consists of four or sometimes five rudimentary vertebrae, articu- 
lated (or anchylosed) together, and successively decreasing in size, 
the last being a mere nodule of bone. As a whole, it is triangular. 
The body of the first coccygeal vertebra articulates by an oval 
surface with that of the last sacral : and it has two little articular 
processes termed * cornua ' which are connected with the * comua' 
of the sacrum, either by fibrous tissue or cartilage. The first 
vertebra has also two rudimentary transverse processes, and two 
' notches ' (one beneath each comu) for the last sacral nerves. 

The first coccygeal vertebra articulates with the lower end of 
the sacrum by an intervening fibro-cartilage, and the succeeding 
ones are also separated by a fibro-cartilage. Thus the coccyx 
admits of being bent backwards and forwards, which is of great 
advantage in parturition, and gives as much as one inch more 
space in th;j antero-posterior diameter of the outlet of the pelvis. 
About the age of 45 or 50, and indeed sometimes earlier, these 
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little bones become anchylosed to each other and to the sacrum. 
This condition is one of the causes of diflScult labour, and is gene- 
rally met with in women bearing a first child late in life, and in 
those who have been accustomed to sit during the greater part of 
the day, as in the case of milliners.^^ Under these circumstances, 
the bone will sometimes break in labour. It is a most distressing 
accident, and causes great pain when the bowels are acting. 

Dr. Hunter says that anchylosis of the sacrum and coccyx is 
•conmion in females who ride much on horseback, and thus ex* 
plains the comparative frequency of hard labours in English ladies. 
Father Dobritzhofer, who lived a long time a missionary among 
the Abiponians, speaks of the difficult labours of the women there, 
who spend the greater part of their time on horseback. 

OBslfioation. — Each bone of the coccyx is ossified from a 
single centre. The first begins to ossify soon after birth; the 
second about the fifth year ; the third about the tenth ; and the 
fourth about the fifteenth or twentieth year. 

Comparative Osteoloflrj. — ^The coccyx in man corresponds to 
the tail of other animals. It now and then happens that the end 
•of the coccyx projects somewhat, and is enclosed in a tube of 
integument ; the man is then said to have a tail, and is looked 
upon by the vulgar with great suspicion. 

In Mammalia the nimiber of x»udal (or coccygeal) vertebrae 
mostly far exceed those of any other region. This may be seen in 
the tail of the great ant-eater, which has forty, and that of the 
long-tailed Manis, which has forty-five. The Barbary ape (No. 
4919) has but three caudal vertebrae. The gibbon (No. 5026) 
has two. The vampire bat (No. 2416, gr) is the only mammalian 
animal which has no coccyx. 

In all birds, except the extinct Archaeopteryx, the caudal 
region of the spine is shorter than the body, and nimibers only 
eight or nine at most. In nearly all birds the terminal vertebrae 
will be seen to be anchylosed into a ploughshare-shaped bone, as 
in the ostrich and the vulture (No. 1674). In No. 70, A (the 
sheat-fish and the halibut) the last caudal vertebra is triangular 
and flat, and to the posterior edge of it articulate the rays form- 
ing the tail. 
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BONES OF THE LOWER EXTREMITY. 

ConBtltnent Bones. — The bones of the lower extremity con-^ 
sist of the * femur,' the * patella,' the two bones of the leg^ 
namely, the * tibia ' and * fibula,' the bones of the * tarsus,' the 
* metatarsus,' and the * phalanges ' of the toes. 

The femur articulates with the pelvis. The pelvis consists- 
of the ' OS sacrum,' the coccyx, and the two * ossa innominata. 
These bones form an arch, of which the sacrum is the keystone^, 
and the innominate bones are the pillars. (Plate XXXII.) The 
weight of the spine is supjwrted on the top of the sacrum, and" 
the pressure is communicated down the pillars of the arch to the 
thigh bones which articulate with the innominate bones. It is in 
this way that the weight of the body is supported by the lower 
extremities. 



OS INNOMIN ATUM. 
(Plate XXX.) 

Oeneral DeBciiptlon. — The *os innominatum,' so named by 
Galen, is made up of three bones, distinct in childhood, but 
united in the adult, and termed the * ilium,' * ischium,' and * pubes.* 
Thus its constituents have received appropriate names, but the 
bone, consolidated, remains * nameless.' The * ilium ' is the 
expanded part which supports the flank (ilia); the * ischium* 
supports the body in the sitting posture (tVp^ia, the buttocks); 
the * pubes ' is the front part — so called from its being covered 
with hair. All three contribute to form the * acetabulum,' or 
socket for the head of the femur, and in the following proportions 
(Plate XXX. fig. 3) : — the ischium contributes rather more than 
two-fifths, the ilium rather less than two-fifths, and the pubes 
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about one-fifth. Until the age of puberty they are separated at 
the bottom of the acetabulum by a piece of cartilage shaped like^ 
the letter Y ; In the adult, however, little trace is left of the 
original division, so that, for practical purposes, it is better to 
consider the bone as oney and to describe successively its iliae^ 
pubic, and ischial portions. 

In studying the relative bearings of these several parts in the- 
erect position of the body, it is necessary that the bone be held 
at such an inclination that the ' notch ' in the miargin of the 
acetabulum directly faces the ground. 

Xllam. — The * ilium ' (os ilii) forms a broad expanse for the- 
support of the abdominal viscera, and gives a powerful leverage to- 
the great muscles which balance the pelvis on the head of the 
femur. Examine its outer and inner surfaces, and its borders. 

Outer Surfooe of Xliuin. — The outer surface of the iliunv 
(dorsum ilii) is slightly undulating, being convex on its anterior 
half, and concave on its posterior. In a well-marked bone there 
are distinct traces, termed the * superior and inferior curved lines,* 
which map out the origins of the gluteal muscles. These lines, 
commence, the one at the * anterior superior spine,' the other at 
the * anterior inferior spine,' and extend backwards to the * greater 
ischiatic notch.' The surfece above the superior line gives origin 
to the * gluteus medius ' ; that between the lines to the * gluteus 
minimus.' A rough surface further back indicates the origin of 
a part of the * gluteus maximus.' ^® Just above the acetabulum 
is one origin of the * rectus femoris,' the other being at the 
* anterior inferior spine.' 

Inner Surfoce : Iliac Fossa. — ^Tbe inner surface of the 
ilium is slightly excavated, forming the * iliac fossa.' This fossa 
is one of the characteristics of the human skeleton ; it supports 
the abdominal viscera, and gives origin to the * iliacus.' Hold the 
bone to the light, and observe that the bottom of the fossa is the 
thinnest part of the ilimn : it is out of the line of the weight of 
the body. The fossa is bounded below by the ' linea ilio-pectinea,' 
which forms the true ^brira of the pelms.^ This brim is the 
thickest and strongest part of the bone, since it is the * line of 
the pelvic arch,' along which the weight of the trunk is trans- 
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mitted to the head of the thigh bone. No one can form an 
adequate idea of the massive architecture of this part of the pelvis 
without inspecting a vertical transverse section such as is shown 
in Plate XXXII. Behind the iliac fossa is the articular sur&oe 
for the sacrum (sacro-iliac symphysis). The front part of this is 
shaped like a little ear, and, in the recent state, crusted with 
<»rtilage, which acts as a * buflfer ' to the joint, while the hinder 
part is exceedingly rocky for the attachment of the strong * inter- 
osseous ' ligament which secures it. Lastly, on the inner sur&ce 
is the foramen, which transmits nutrient blood-vessels and a nerve 
into the cancellous texture. 

Crest and Spines of Xlium. — The upper border of the ilium 

is termed the * crest.' Looking at it from above, we observe that 

its outline is alternately concave and convex, like the adjoining 

figure (26), in adaptation to the general surfisu^ of the ilium, which 

undulates at the one part, forming the * iliac fossa ' (i), 

• ' and at the other forming what may be termed the 

* gluteal fossa ' (g), which lodges the muscles of the 

buttock. The crest is rough and broad, and is spoken 

of as presenting three * lips ' — an * outer,' an * inner,* 

and a * middle ' — giving origin to the muscles which 

form the lateral walls of the abdomen. The outer 

lip gives origin to the * tensor fasciae femoris,' the 

CURVES OF * obliquus externus abdominis ' and the * latissimus 

RioHT ILIUM dorsi ' ; the middle lip gives origin to the * obliquus 

intemus'; and the inner lip to the ' trans versalis abdominis,' the 

^ quadratus lumborum,' and a part of the ' erector spinae.' 

Anterior Spines. — Along the front border of the ilium are 
the * anterior-superior ' and * anterior-inferior spines,' with the 
shallow notch between them. The superior spine, with the edge 
of the notch below, gives origin to the ' sartorius,' and the inferior 
spine to one head of the * rectus.' Below this spine is another 
notch, for the passage of the iliacus and psoas muscles, and then 
comes the ' ilio-pectineal eminence,' where the ilium and pubes 
join. This eminence is the part over which the femoral artery 
passes into the thigh, and against which it can be effectually 
compressed. 
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Posterior Spines and ZsoUatla Hotobes. — Along the pos- 
terior border of the ilium are the ' porterior-Buperior ' and ' pos- 
terior-inferior spines,' with the little notch between them. These 
spines are for the attachment of ligaments. Below the spines is 
the 'greater ischiatic notch,' which transmits the great vessels and 
nerves from the pelvis to the buttock and back of the thigh. 
Ijower still is the ' spine of the iRchium,' and then the ' lesser 
Fia. 27. 




ischiatic notch.' In the recent state the notches are converted 
into complete holes by the ' sacro-ischiatic ligaments,' greater 
and lesser respectively, as shown in fig. 27. These ligaments 
answer three important purposes: 1, They mainly contribute to 
the fixation of the sacrum, which is the keystone of the pelvic 
arch J 2. They afford an extensive surface for the origin of the 
great muscle of the buttock (gluteus maximus) ; 3. They help to 
form the floor of the pelvis, and support the pelvic viscera, with- 
out adding much to the weight of the cavity. The ischiatic 
notches transmit the following objects; — ■ 

(Olateitl vessels nnd nerve. 
Pj^onnia muBcle. 
Qreater and lesser ischiatic nema. 
iKhiatic veaeols. 
Pnrtic resxels and nerve (ont of pelviii). 
Nerve to obcnmtor iDternox (ont of pelvis). 
jTenilon oftlie obtDistoc intemos. 
Til* Lmseb Ischiatic Notch I ^jj^ve to obtorator intemos (into pelvie). 
*Mi»mits . . . ^Fndic vessels and nerve (into pelrit). 
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Pubes, Body, and Rami ^The 'pubes' (Plate XXXI. fig. 1) 

is usually described as having a * body ' and two branches : one of 
which, called the * horizontal ramus,' joins the ilium at the ilio- 
pectineal eminence; the other, called the ^descending lamusy^ 
joins the ascending ramus of the ischium. These terms * hori- 
zontal ' and * descending,' as descriptive of the direction of the 

* rami,' are likely to mislead. They have come into general use 
from the pelvis having been described as if it were horizontal, 
which it is not. Look at a properly articulated skeleton, or hold 
the pelvis inclined at its proper angle to the horizon, and you 
soon see that the pelvic rami nm in a direction almost the reverse 
of that which is implied by their names. 

The ' horizontal ramus ' of the pubes is somewhat triangular. 
Its upper surface gives origin to the * pectineus,' and is marked by 
the continuation of the true brim of the pelvis, or * linea Uio^eo- 
tineaj which gives insertion to the * psoas parvus ' when there is 
one, and also to that part of the * crural arch ' termed * Gimbemat's 
ligament.') The inner surface forms part of the wall of the 
true pelvis, while its lower surface bounds the obturator foramen, 
and is grooved for the passage of the obturator vessels and 
nerve. 

Pablo Aroh. — ^The * descending ramus ' of the pubes inclines 
outwards and backwards, and forms, with its fellow of the opposite 
side, what is called the ' arch of the pubes.' The margin of the 
arch slopes a little outwards, and has a groove for the attachment 
of the * crus penis ' in the male, or * crus clitoridis ' in the female. 
This shelving of the arch is greater in women, and facilitates the 
passage of the child. Behind the groove is the origin of the 

* constrictor urethra^.' 

Body and SymphysiB of the Pabes. — The ^ body ' of the 
pubes (Plate XXXI.) is connected along a rough and somewhat 
oval surface to the corresponding part on the opposite bone. This 
union is termed the * symphysis pubis.' Observe the bones are 
not here in immediate apposition, but united by fibro-cartilage 
of at least f ths of an inch in thickness in front, which is elastic, 
like that between the bodies of the vertebrae, and, while it com- 
pletes the pelvic arch below, serves also to obviate the effects of 
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<x)iicu8sioii. The summit of the pubes is a most important part 
in relation to the anatomy of hernia. The chief point of interest 
here is the * spine.^ This is for the attachment of the * crm^l arch' 
(Poupart's ligament), and is, surgically, of great importance as 
the guide to the external abdominal and femoral rings. From the 
spine we trace outwards the beginning of the * linea ilio-pectinea,* 
where * Gimbernat's ligament ' is attached. Between the spine 
and the symphysis is the part called the * crest,' with which so 
many muscles are connected. These are, proceeding iBrom the 
front, the insertion of the conjoined tendon of the * internal 
oblique ' and ' transversalis,' the origin of the * pyramidalis,' and 
that of the ' rectus abdominis.' The posterior surface of the body 
forms part of the wall of the pelvic cavity; its angle of inclination, 
as well as that of the * symphysis,' is such as to present (in the 
erect position) a gently sloping plane for the support of the pelvic 
viscera. Lastly, its anterior surface is rough for the origin of 
muscles : viz. the * adductor longus,' the * adductor brevis,' and 
part of the ' adductor magnus,' also the * obturator extemus ' and 
the * gracilis.' 

XBohium. — The ischium completes the lower part of the inno- 
minate bone. (Plate XXX.) It supports the trunk in sitting, 
and projects for the origin of the hamstring muscles. Begarded 
separately for purposes of description, it is formed of a * body, which 
is the most bulky part of it, for the formation of the acetabulum : 
from this, the bone drops vertically to form the * tuberosity ' upon 
which we sit ; and then, curving forwards like a hook, it forms the 
* ascending rannus^ which unites with the corresponding part of 
the pubes, and thus completes the ' foramen ovale.' Leaving the 
acetabulum for separate study, notice the ' spine of the ischium,* 
which separates the * greater ' from the * lesser ischiatic notch.' 
Its outer side gives origin to the * gemellus superior ' ; its inner 
ijurface to the ' coccygeus ' and a part of the * levator ani ' : the 
front part of the ' levator ani,' observe, arises from the body of the 
pubes, while the intermediate part arises from a tendinous arch 
thrown across from one point of bone to the other. Attached to 
the spine is the lesser sacro-ischiatic ligament ; the internal pudic 
Artery crosses over its outer surface. In case of severe haemor- 
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rhage after lithotomy, it would be possible in a thin subject to 
compress the artery against the bone. 

Foramen Ovale « or Obtnratnm. — ^The ^foramen ovale/ or 
* obturatum,' is a wide opening of an oval form in the male, but 
triangular, with rounded angles, in the female. It is closed 
in the recent state by the 'obturator membrane,' everywhere 
except at the top, where there is a small aperture for the 
passage of the obturator vessels and nerve into the thigh. The 
membrane serves for the origin of the obturator muscles just 
as well as if it had been a plate of bone : besides which, it 
gives a little during the passage of the head of the child : it 
also materially lightens the pelvis. Externally, the border of 
the hole gives origin to the * obturator extemus.' Between 
the lips of the acetabulum and the upper part of the tuberosity 
is a groove, in front of which the obturator extemus passes to 
its insertion into the femur. 

Behind the foramen ovale (Plate XXX.), the ischium presents 
a smooth and extensive surface which, with the corresponding part 
of the ilium, forms much of the lateral wall of the pelvic cavity* 
Observe that this surface inclines so as to form a gentle slope 
towards the lower opening of the pelvis. Now it is this * slope of 
the ischium ' which guides the head of the child after it has 
entered the brim of the pelvis, and makes it turn so that the 
longest diameter of the head corresponds with the widest part of 
the outlet. The greater part of the slope gives origin to the 
' obturator intemus,' which also arises from the margin of the 
obturator foramen, as well as the membrane closing it ; and with 
this muscle we associate the lesser ischiatic notch, because it 
forms the pulley (crusted in the recent state with cartilage) round 
which the four tendons of this muscle turn, in order to reach the 
thigh bone. 

Tuberosity of the Xachium. — The tuberosity of the ischium 
answers a double purpose — 1. It serves to support the trunk in 
the sitting position ; 2. It forms a lever for the action of the 
hamstring muscles, of which one important function is to 
restore the body to the erect position after stooping, as seen 
in the annexed fig., 28. Here we have a lever of the first 
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order. The fulcrum F is at the hip joint ; the weight W is th& 
trunk of the body ; and the power P is at the tuberosity of the- 
ischium, where the hamstring muscles p 

arise. On the ' tuberosity ' itself are the 
rough impressions made by the strong 
muscles attached to it. (Plate XXX.) 
Its well-marked outer border gives origin 
to the 'quadratus femoris'; behind this 
margin is a slightly concave sur&ce, nar- 
rowest below, for the origin of the ' semi- 
membranosus ' ; more internally, and sepa- 
rated by a ridge from the att^ichment of 
the last-named muscle, is an almost plane 
surface, irom which arise, together, the 
' semitendinoBUB ' and ' biceps.' The * ge- 
mellus inferior' arises from its u])]»er 
border. At its lowest jiart, anteriorly, 
begins the origin of the 'adductor magniis,' 
which is continued a long wny up the 
ramus, nearly to the body of the pubes. 
Along the inner side of the tuberosity is 
a rough ridge to which the greater sacro- 
ischiatic ligament is attached : anterior to this, but in the same 
line, is the origin of the * erector penis,' and that of the * trans- 
versalis perinei superficialis.' 

The pudic vessels and nerves run along the inner side of the 
ischium, not quite one inch and a half from the inner margin of 
the tuberosity. 

Ao«talniliim. Its Slreotloii. Xotobes. — Lastly, we come 
to the ' acetabulum,' so named from its resemblance to an ancient 
vinegar cup. Its great depth and hemispherical form securely 
lodge the head of the femur, and yet allow more or less movement 
in any direction. It looks downwards and outwards (in the 
erect position), transmitting the weight of the trunk directly on 
to the head of the thigh hon<' ; the upper or iliac portion of it haa 
to support the whole weight of the trunk, and is by far the 
thickest and strongest iiart. As before stated (p. 152) it is formed 
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partly by the ischium (more than two-fifths), partly by the ilium 
(less than two-fifths), and the remainder by the pubes. There 
are two notches in the margin or * brim ' of the acetabulum. The 
upper and smaller one is near the ilio-pectineal eminence, and 
permits the free bending of the thigh towards the abdomen. The 
other and larger, 8i)ecially called * the notch,' is at the lowest part 
of the margin. It permits the * adduction ' of the thigh, as when 
we cross the legs, and also lets blood-vessels run into the ace- 
tabulum to supply the ligamentum teres, and the fat at the 
bottom of it. Besides which, there is no need of bone at the 
lowest part of the socket, which never has to support weight. 
Two ligaments are attached to the borders of the notch : one is 
the * ligamentum teres ' ; the other is the * transverse ligament * 
which runs across it to complete the margin of the acetabulum. 
The transverse ligament is sometimes ossified in extreme old age. 
(See Nor. Hum. OSt. No. 733.) Deep as it is, even in the dry 
bone, the acetabulum is made still deeper in the recent state by 
a broad rim of fibro-cartilage, called the * cotyloid ligament,' which, 
besides in9reasing its depth, serves as a * sucker ' to keep the head 
•of the bone in the socket. 

Szoavation at Bottom of AoetabQlmii. — The socket is 
smooth everywhere (in the recent state crusted with cartilage), 
•except at the bottom, where there is an irregular excavation con- 
tinuous with the notch below. This allows the free play of the 
ligamentum teres within the joint ; it is partly occupied by fat 
and synovial fringes. If the socket be held to the light, the 
bottom of it will be found translucent. This thinness explains 
why, in some cases of hip-joint disease, the matter makes its way 
through the socket into the pelvic cavity. (See St. Bartholomew's 
Hospital Mus., Diseases of Joints, No. 601.) It likewise explains 
why a fall on the trochanter major is able to fracture the bottom of 
the acetabulum. There is a preparation (Injuries of Bones and 
Joints, Nos. 936, 937) in St. Bartholomew's Hospital Mus. in 
which a fracture, caused by a fall on the trochanter a few months 
beforq. death, extended in several directions firom the centre of the 
acetabulum to its circumference. 

Ossification. — Besides the three pieces of which it is origin* 
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allj formed, the os innomiaatum has four 'epiphjees,' which 
begin to appear about the age of puberty. One, the marginal 
epiphysis, skirts the oreat of the ilium. There is a second for 
the anterior-inferior spine ; a third along the tuberosity of the 
iBchimn ; and a fourth, which forms a thin plate, at the sjrmphysis 
pubis. (See Nor. Hum. Ost., Nob. 64, 65.) The Y-shaped carti- 
lage at the bottom of the acetabulum begins to ossify at puberty. 
The ilium begins to ossify at the end of the second month ; the 
ischium at the end of the third ; and the pubes at the end of the 
fourth. The rami of the pubes and ischium unite about the 8th 
year. The acetabulum is all bony about the 17th year. All the 
epiphyses unite to the main bone about the 25th year. 

The Pelvis in general. 

Momsnolatiire. — The pelvis is named from its resemblance 
to a basin (weXwf). The French call it ' le bassin ' ; and in old 
Knglish works it is often spoken of as * the 
basin.' When accoucheurs speak of the 
true pelvis, they mean all below the brim. 
All above the brim they call the false 
pelvis. By the brim is understood the 
* linea ilio-pectinea.' Again, they speak 
of the upper opening or ' inlet,' and the 
lower opening or ' outlet ' of the pelvis.' 

Felvla a Kerar of th« First Order. 
— The pelvis forms a great arch of bone 
which supports the trunk, and transmits 
the weight of it to the lower limbs. It con- 
tains and protects the pelvic viscera, and 
some of the abdominal. It acts as a lever 
of the first order in balancing the trunk 
on the head of the thigh-bone, as when 
we stand upon one leg. But the most 
obvious action of the pelvis as a lever of 
the first order, is when we raise the body 
from the stooping to the erect attitude, 
crnm F, as seen in fig. 29, is at the hip-joint ; the weight W 




In this action the ful- 
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U the trunk of the body ; and the power is fixed to the tubero- 
sity of the ischium, P. The power in this case is the contrac- 
tion of the hamstring muscles. This is a very good ezamide at a 
muscle answering a double purpose. The hamstring muscle, re- 
presented in the figure, is the biceps. When its fixed point is 
below, i.e. at the fibula, the muscle can raise the body from the 
stooping position. When its fixed point is at the pelvis, it serves 
to bend the knee. In the latter case, however, the muscle acts 
upon a lever of the third order. 

Under the head of pelvis in general come — 1. Its mechanism 
as an arch ; 2. Its obliquity with regard to the spine ; 3. Its axis; 
4. The diameters of the inlet and outlet ; 5. The difTerence 
between the male and the female pelvis. 

Pelvic Arch i its Strensrtli. — Its mechanism as an arch is 
best shown by sawing ofi" the wings of the ilia, as in Plate XXXII. 
Such a section shows the following points : — The sacrum forms the 
broad keystone of the arch, and supports the weight of the spine. 
Now the sacrum being set very obliquely, the weight tends to 
thrust it downwards and backwards. This tendency is resisted 
by the sacrum being doubly wedged, that is, wedged from above 
downwards, and from before backwards : thus, unless the ilia give 
way, which they never do, the sacrum cannot be dislocated bdck- 
wards. But this is not all : a reciprocal irregularity, or slight 
' dovetailing,' between the articular surfaces of the sacrum and 
iliimi, and in all cases a ' bite ' in front formed by the edge of the 
ilium, prevent dislocation of the sacrum fomuards. 

Observe, in the next place, that the inclination of the arch is 
such that the weight is transmitted in a perpendicular plane to 
the heads of the thigh-bones. Again, the thickest and strongest 
part of the arch is precisely in the line of pressure. Lastly, there 
are three 'buSers' which break shocks; one at the pubic sym- 
j)hysis, the other two at the sacro-iliac symphyses. 

Secondary Arches. — From the main arch, two secondary 
arches proceed, one on either side : these are the ' sitting arches,' 
and the summit of each is at the tuberosity of the ischium. 

The following is a good instance of the enormous weight the 
pelvic arch will bear without injury, provided the weight be 
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applied along the arch. A waggon wheel passed over a man's 
pelvis from side to side, itnmediatelj over the symphysis pubis. 
The man stated that the waggon with the load in it weighed 
5 tons 7 cwt. There was no injury beyond an ecchymosis of the 
Ecrotmn and the upper part of the thighs. After three weeks, 
the man left the Hospital well, with the exception of a slight 
lameness. 

Obliquity of the Vclvls. — In the erect attitude the line of 

Fra. 30. Fto. SI, 




gravity of the spine falls perpendicularly on the wacrum, as shown 
in the line a b, fig. 30. With this perpendicular, the inclination 
of the pelvis forma an angle (a b c, tig. 31) of 144° in the male, 
and 1-10° in the female. Now this angle ia such, tliat the line of 
gravity falls through the acetabulum, and consequently the weight 
is transmitted directly on to the heads of the thigh-bones. For 
all practical purposes, one may ascertain the proper obliquity of 
the pelvis by holding it so that the * notch ' shall be the lowest 
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part of the acetabulum (p. 153). The end of the coccyx will then 
be about half an inch higher than the lower part of the symphysia 
pubis. 

Axes of the Pelvto. — ^The dxia of the brvm of the pelvis, that 
is, a line passing at right angles through the centre of its plaue^ 
if prolonged, would pass from the coccyx to the umbilicus. The 
cucia of the outlet would fall on the promontory of the sacrum.. 
The cuds of the cavity would form a curve nearly corresponding 
with the curve of the sacrum. In all operations about the pelvis, 
it is of great importance to bear in mind its different axes. As a 
useful practical rule, we may say, that the axis of the pelvis corre- 
sponds with a line drawn from the anus to the umbilicus. 

Diameters of the PelTis. — The next point is the diameters 
of the pelvis ; and it is interesting because it concerns parturition.. 
The inlet or brim of the pelvis is somewhat heart-shaped. Its 
diameters vary more or less in different cases: in the recent state, 
with all the soft parts undisturbed, the following are about the 
average : — 

Inches. 

Antero-posterior or conjugate 4 

Oblique (from sacro-iliac symphysis to acetabulum) . 4| 
Transverse ........ 4§ 

Thus the longest diameter of the brim is the transverse. In this 
direction the long diameter of the head of the child enters the 
pelvis. 

The shape of the outlet^ in the recent state, is like a lozenge, 
since the two ischiatic notches are blocked up by the sacro- 
iscliiatic ligaments. Its diameters are as follows : — 

Inchefc 
Transverse (from one tuber ischii U) the other) . . 4 
Antero-posterior (from symphysis to coccyx) . . 4^ 
And, with the coccyx pushed back, the antero-posterior 
diameter will be .5^ 

The longest diameter of the outlet, therefore, is from before baek"-> 
wards 
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Now the head of the child enters the pelvis in the transverse 
diameter, but descends in the oblique^ till it presses upon the 
spines of the ischia. Here its further progress is arrested by the 
spines. As the uterus goes on contracting, the slope of the 
ischium on each side compels the head to turn, so that the face 
comes to lie in the hollow of the sacrum. Consequently, the long 
axis of the head is brought into the long axis of the outlet, and is 
thus easily expelled. 

Kale and Female PelTis. — The female pelvis differs very 
little from that of the male till puberty, at which period the 
brim has a heart-shaped form in both sexes. After puberty 
the female pelvis begins to assume its sexual characters, which» 
are the following : — 

1. The sacrum is wider and less curved ; '^ the promontory less 
projecting ; and the coccyx more movable than in the male. 

2. The cavity is shallower, and all its horizontal diameters 
broader, than in the male. 

3. The spines of the ilia, the acetabula, and the tuberosities 
of the ischia, are wider apart than in the male. 

4. The symphysis pubis is not so deep : the pubic arch has a 
much wider span®® and its branches are more shelving than in the 
male, facilitating parturition. To use an architectural expression, 
the pubic arch in the female resembles a * Norman ' arch ; in the 
male, an * early English ';• the sub-pubic angle being about 61® 
in males and 80° in females. 

ComparatiTe Osteology- — ^The ilium attains its greatest size 
in the elephant and mastodon. Observe the very narrow opening 
in the pelvis of the kangaroo (Marsupialia, Macropus major, Nos. 
1724, 1725). This extreme narrowness necessitates the birth of 
the young when they are only about an inch and a quarter long. 
They are then almost shapeless, and are next placed in a pouch on 
the abdomen of the mother, with the nipple firmly fixed in their 
mouths until they are as fer developed as the young of other 
•animals at birth. It will thus be seen that the mammae of the 
kangaroo open into the pouch. The young are attached to a long 
nipple, and milk is at first forced into their mouths by the con- 
traction of a muscle spread over the mammary gland. On the 
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pube8 are seen two small bones which do not exist in man. They^ 
are called the ^ marsupial bones,' and are ossifications or chondri* 
iications of the internal pillars of the external abdominal rings. 

In the extinct ]\Iastodon and Megatherium the great sciatic 
notch is converted into a foramen apparently by the ossification of 
the sacro-sciatic lignment. 

In the Hippopotamus the transverse ligament of the aceta- 
bulum is completely ossified, and the notch becomes a bony tunnel. 

In cetacea the pelvis is only represented by a small fiat bone 
on each side of the anus, suspended in the soft parts ; and there 
is never more than a trace of hind-limb bones. The manatee 
(No. 2647 A) has no pelvis. 

In birds the acet^ibulum is perforated, the ischiatic noteh is 
converted into a complete foramen, and there is no symphysis 
pubis, excepting in the ostrich. 

The bones forming the os innominatimi remain distinct 
throughout life in some of the lower animals. In No. 1011 
(Testudo elephantapos) these bones will be seen to be fairly 
distinct. They articulate, but do not coalesce perfectly as in 
man. 

In Ruminants, Pachydermata, and Solidungula, the pelns 
is large and gives attachment to huge glutei muscles. This 
accords with the extensive development of the great trochanter of 
the femur, to which these muscles are attached. 

Although in snakes generally, there is no sternum, upper 
limb, or sacrum, nor any appearance of hind legs, yet, in a few 
instances, viz. typhlops, python regius, and tortrix, there are 
rudiments of hind limbs in the skeleton. 



THE FEMUR. 
(Plates XXXIII., XXXIV.) 



Xiengrth and Direction. — The thigh-bone is the longest and 
strongest of all the bones. Its great length, in comparison with 
the other bones of the leg, is characteristic of the human skeleton^ 
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In consequence of this comparative length, and of the shortness 
of the arms, the ends of the fingers in the white man do not reach 
lower than the middle of the thigh-bone. In the chimpanzee the 
fingers reach down to the knee ; in the ourang, down to the ankle. 

The direction of the thigh-bone is not quite perpendicular, but 
slants, so that the knees are nearer together than the hips ; by 
this means the knee-joint is brought nearer the line of gravity of 
the body. This obliquity is necessarily greater in women, on 
account of the greater breadth of the pelvis, and accounts for 
their peculiar gait. 

We have to examine the head, the neck, the trochanters for 
the attachment of muscles, the shaft, and the condyles. 

Head.— The head forms rather more than half a sphere, 
smooth and convex on every part, except at a point a little behind 
and belmv its centre, where there is a depression for the attach- 
ment of the * ligamentum teres.' It forms a perfect ball-and- 
socket joint with the acetabulum. When crusted with cartilage 
the ball fits so accurately into its socket, that it is retained in it 
by atmospheric pressure alone. It has been ascertained by ex- 
periment that this pressure is about 26 pounds ; that is, more 
than equal to sustain the weight of the entire limb with all its 
soft parts. More than this, in walking, the legs swing like i)en- 
dulums, so that we require very little muscular force to advance 
one leg before the other.®* The limb hangs freely in its socket, 
and the muscles do not expend any of their power in keeping it 
there. Boerhaave might well say, *in mirabili articulatione 
iemoris Creatorem adoramus.' 

Meok I its Direction. — The general direction of the * neck ' 
is upwards, inwards, and a little forwards from the shaft. As a 
result of this direction of the neck of the thigh-bone, the lower 
extremity naturally turns a little outwards. Everything in the 
bones of the lower limb and the insertion of its muscles, conforms 
to this object. It is this which gives elasticity, freedom, and 
grace to the motion of the body : we owe this to nature, and not, 
as some suppose, to the dancing-master. 

In the adult the neck is set on to the shaft at a very open 
angle, about 125®. But the angle varies at diCFerent ages, in 
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harmony with the requirements of the age. In children the neck 
of the thigh-bone is so oblique that it forms almost a gentle curve 
from the axis of the shaft, as seen in fig. 32. Therefore the tro- 
chanters do not project nearly so much as in the adult, fig. 33. 
This is one reason why it is sometimes difficult to determine 
the precise nature of accidents about the hip in children. As 
age advances, the neck, in some instances, drops to nearly a right 

angle with the shaft, as shown in fig. 34 : 
besides which its compact walls become 
thinner, and its cancellous tissue be- 
comes expanded. No wonder, then, 
the neck of the femur is so liable to 
break in old persons. Observe how 
much broader the neck is in its ver- 
tical diameter, and how much thicker 
the lower wall is than the upper, in order 
to resist vertical pressure. (Plate I.) 
The part where the neck springs from 
the shaft is called the ^ base ' of the neck. 
In falls on the trochanter the neck is 
sometimes broken at the base, and driven 
into the shaft between the trochanters, 
forming what is called an * impacted ' 
fracture of the neck. The symptoms of 
such a fracture are, more or less shorten- 
ing of the limb, diminished projection 
of the trochanter major, and no crepitus. 
Neck, Oblique. — Since the great 
length and obliquity of the neck of 
the femur are peculiar to man, let us consider what advan- 
tage his skeleton gains by it. — 1. It widens the base of support 
for the trunk; 2. It disengages the shaft from the hip-joint, 
and thus increases the range of motion. What animal can 
separate its legs so widely as man ? 3. Greater space is made for 
the adductor muscles, which balance the pelvis on the inside of 
the thigh ; 4. The great trochanter being removed to a distance 
from the hip-joint, gives greater leverage to the powerful gluteal 
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muscles which balance the pelvis on the outside ; 5, The weight 
of the trunk, instead of falling vertically on the shaft of the 
femur, is transmitted to it by an arch. 

Troohaatarsv Mi^or and Minor. — ^The trochanters ^ major * 
and ' minor ' are outstanding processes which give great leverage 
to the muscles rotating the thigh {rpoxo^j verto). Observe, 
they project behind the axis of rotation (which is the centre of 
the head of the bone), an arrangement which further conduces to 
the outward rotation of the lower limb as the natural position. 
The relation of the trochanter major to the other bony promi- 
nences of the pelvis deserves especial attention, because it is a 
^eat landmark in determining the nature of injuries about the hip. 
The top of the great trochanter in the adult is about three- 
quarters of an inch lower than the top of the head of the bone, 
and nearly on a level with the spine of the pubes.®* 

Examine first the muscles inserted into the trochanter major. 
Suppose the trochanter to be square, which it is nearly if seen 
sideways. (Plate XXXIV.) Into the front part is inserted the 

* gluteus minimus,' into the upper part is inserted the * pyri- 
formis'; also in front of the pyriformis, and extending backwards 
beneath it, is the insertion of the common tendon of the * obtu- 
rator intemus ' and *gemelli ' (just above and anterior to the 
•digital fossa, Plate XXXIV. fig. 1 ) ; into the back part, upon an 
eminence on the * posterior inter-trochanteric ridge ' called the 

* linea quadrati,' is inserted the * quadratus femoris ' ; the lower 
part (base of the trochanter) gives origin to the strong tendon of 
•the ' vastus extemus.' Draw a diagonal from behind forwards 
across the square (there is a faint trace of it in nature), and 
you find that the upper triangle gives insertion to the ' gluteus 
medius,' while the lower triangle remains smooth for the play of 
the tendon of the * gluteus maximus,' a large * bursa ' being inter- 
posed. A smaller bursa occupies the front of the upper triangle, 
in connection with the tendon of the * gluteus medius.' (Plate 
XXXIV. fig. 2.) 

Digital FoMW. — Behind the neck of the femur, and beneath 
the projecting angle of the trochanter major, is a deep excavation, 
tcaUed the * digital fossa.' (Plate XXXUI.) The * obturator 
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extemus ' is inserted here ; and this insertion is at the bottom of 
the fossa. 

Troohaatar Xlnor. — The trochanter minor projects from 
the inner and back part of the shaft, just below the base of the 
neck. Its posterior part gives insertion to the tendon of the- 

* psoas magnus ' ; the fibres of the • iliacus ' mostly join this tendon^ 
but a few are inserted into the lower border of the lesser tro- 
chanter towards the linea aspera. Observe that the trochanter 
minor is directed backwards and that the muscles inserted into* 
it tinm the thigh outwards at the same time that they raise it. 
These are the muscles which, in fracture of the upper third of the 
shaft, it is often difficult to prevent from tilting up the upper 
fragment. 

Znter-troohanterio Ridflres. — Two oblique ridges extend 
from one trochanter to the other, the one in front of, the other 
behind the base of the neck of the femur. The anterior * inter- 
trochanteric ridge ' gives attachment to the powerful ligament 
(ilio-femoral) which covers the front of the capsule of the hip- 
joint, limits the extension of the thigh, and is of great utility in 
the erect position, since it prevents the pelvis and trunk from 
falling backwards. The posterior *inter-trochanteric ridge ' mainly 
supports the great trochanter. There is an eminence cm its 
margin, extending downwards, behind the great trochanter called 
the * linea quadrati,' the insertion of the *quadratus femoris'' 
already alluded to. 

Shaft and Ziinea Aspera. — The shaft of the femur is 
slightly arched with tlie convexity forwards, by which a double 
advantage is gained : first, it is rendered more springy than if it 
were straight ; secondly, more room is gained for the flexor 
muscles behind, and more power for the extensors in front of the 
shaft. The shaft is smooth and cylindrical all round, except 
behind, where there is a rough longitudinal ridge termed the 

* linea aspera.' This ridge serves as a buttress to the shafts 
as well as for an attachment of muscles. The linea aspera is 
most prominent about the middle third of the shaft; here it 
appears at first sight a single ridge ; but look carefully and you 
will find traces of two borders, termed its external and internal 
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* lips.' About the lower third of the shaft these lips diverge from 
each other, and may be traced to the * tuberosities ' of the con- 
dyles. The triangular interval between their bifurcation is called 
the popliteal surface of the femur, and upon it the popliteal artery 
rests in its passage through the ham. Turning to the upper end 
of the linea aspera,*' notice that here also its two lips branch oflF: 
one runs to the root of the lesser trochanter, the other to the root 
of the greater. 

What has been said of the linea aspera, and the upper and 
lower divergence of its two lips, will help us towards understand- 
ing the muscles attached to it. Take the outer lip first. The 

* vastus extemus ' arises from it three-quarters of the way down. 
Along the upper third is a very rough surface for the insertion of 
the gluteus maximus. This part may very properly be called the 

* gluteal ridge.' Lastly, there is the origin of the short head of 
the biceps, beginning just below the insertion of the gluteus 
maximus, and extending nearly down to the external condyle. 

The inner lip of the linea aspera gives origin nearly all the 
uvay down to the ' vastus intemus.' Into its upper part is inserted 
the * pectineus,' then comes the insertion of the * adductor longus,' 
and behind both is that of the * adductor brevis.' Lastly, the in- 
sertion of the * adductor magnus ' extends all along the line from 
the base of the trochanter major to the tuberosity of the inner 
condyle, including the adductor tubercle, which is a sharp projec- 
tion of bone, giving a firm hold to the tendon. The little interval 
purposely left in the drawing (Plate XXXIII.) is intended to 
mark where the tendon gives passage to the popliteal artery. 

Canals for Xedallary Arteries.— Along the course of the 
linea aspera are the orifices of the two canals which convey 
nutrient blood-vessels to the marrow. 

The front and outer surfaces of the shaft give origin to the 

* crureus ' and to the little muscular slips below, which constitute 
the * sub-crureus.' The inner surface gives origin to part of the 

* vastus intemus ' (the other and stronger part arising from the 
linea aspera). The origin of these muscles does not occupy the 
whole of the shaft. Along the lower part, but more especially on 
the inner side, no muscular fibres arise : here the bone is simply^ 
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covered by the fibres of the * vasti ' on each side. This accounts 
for the great extent to which an inflamed knee-joint may swell 
beneath the vasti, there being no resistance to the distension of 
the synovial membrane in this direction. 

Condyles and Znter-oondylold Notoh. — ^The lower part of 
the femur gradually expands to form the condyles for the knee- 
joint {k6vSv\o9, a knuckle). The inner condyle projects much 
more, and is full half an inch lower than the outer, when the bone 
is perpendicular ; but when the bone slants, as it naturally does, 
both condyles are on the same level. This must needs be, as the 
plane of the knee-joint is horizontal in adaptation to the erect 
posture. The condyles are separated behind by a deep notch, the 
* inter-condyloid,' for the lodgment of the two * crucial ' ligaments, 
Fig. 35. which prevent the knee from being extended 

beyond the straight line : for the requirements 
of this joint do not admit of any bony promi- 
nence to limit extension, such as we find in the 
elbow. These ligaments (shown in fig. 35) are 
attached to the rough surfaces of the condyles 
facing each other; the anterior crucial to the ex- 
ternal condyle, the posterior crucial to the inter- 
nal. The marks left by these ligaments can be 
clearly made out on the bone. Notice especially that the mark 
on the external condyle is placed posteriorly, that on the internal, 
anteriorly. 

Troclilea for Patella. — The articular surfaces of the con- 
dyles unite in front to form the pulley (femoral 
trochlea) over which the ' patella ' plays. The 
larger share of the pulley is formed by the external 
condyle, and it mounts not only higher, but projects 
more than the inner, preventing the tendency of the 
patella to be dislocated outwards. In an antero- 
posterior section, each articular surfece would pre- 
sent something like the long half of an ellipse 
(as seen in fig. 36). The two woodcuts (35 
and 36) show very well the attachments and 
the direction of the crucial ligaments, a b, a c. Being attached 




CHIJCIAL LIGAMRNTS 
OK THB KNEE. 



FlO. 36. 




THE FEMUB. 173 

to the condyles behind the centre, they necessarily limit exten- 
sion beyond the straight line. But they do more ; by crossing 
like braces they prevent lateral displacement of the tibia. 
In the erect attitude, the flatter part of the ellipse rests on the 
shallow excavation of the tibia, and all the ligaments are on the 
stretch ; but when the knee is bent, the more convex part of the 
ellipse rests on the tibia, and admits of a certain amount of rota- 
tion, all the ligaments being loose. 

Tuberosities. — ^To the ^ tuberosities ' (external and internal) 
of the condyles are attached the lateral ligaments of the joint. 
These tuberosities are situated nearer to the back than to the 
front part of the condyle. The result of this is, that the liga- 
ments are fixed behind the centre of motion, so that they become 
stretched when the joint is extended. This arrangement increases 
the strength of the knee. 

There is an impression behind the internal condyle denoting 
the origin of the inner head of the * gastrocnemius ' ; and another, 
behind the external condyle, where the outer head of this muscle 
and the ^ plantaris ' arise. On the outer surface of the external 
condyle, immediately below the outer tuberosity, is a depression 
for the origin of the * popliteus.' (Plate XXXFV^. fig. 3.) 

Ossification. — ^The femur is ossified from three primary 
centres (one for the shaft and neck, and one for eacli articular 
end), and two secondary centres, one for each trochanter. (See 
Plate IV.) The centre for the shaft appears about the seventh 
week of foetal life. The centre of the lower epiphysis does not 
appear until within the last fifteen days of the full term of gesta- 
tion. Hence the existence of this centre enables us to pronounce 
with something like certainty as to the age of a foetus.** It is 
the only epiphysis in which ossification commences before birth. 
As this is the first of all the epiphyses to ossify, so, in accordance 
with the general law, it remains the longest a separate piece.. 
The epiphysis at the upper end of the femur includes only the 
head of the bone, and begins to ossify about one year after birtlu 
Tlie great trochanter begins to ossify about the third or foiurth 
year ; the lesser about the fourteenth. All the pieces have united 
about the age of twenty-one. 
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BiS'lit or belt t — This bone will be in the same position as 
the corresponding one in the student's body if he hold the rounded 
head upwards, and turn it inwards for articulation with the 
acetabulum ; while the linea aspera is behind. 

ComparatlTe Osteoloirj* — ^^ ^^^ horse, the rhinoceros, and 
the tapir (Perissodact via) the gluteal ridge is so largely developed 
that it has received the name of a 'tliird trochanter.' The lower 
end of the femur in most mammals presents three separate articular 
surfaces, viz. the |)atellar articulation and two condyles. In man 
these three are blended into one, although there can be seen a trace 
of the separation along the lower border of the surface for the 
patella. The actual separation in man does exist in the foetus, 
but becomes obliterated, the three articulations merging into one. 
The ligamenta alaria and the ligamentum mucosum are the 
only remains of the originally separate syno\ial membranes of the 
knee-joint. 

In Elephants (Proboscidia) when standing, the bones of the 
leg and thigh are vertical, as in man. 

If you examine the femurs of birds you will find they have 
but one trochanter, viz. that corresponding to our trochanter 
major. 

In two or three serpents, e.g. Python Tigris (\o. 602), Python 
Regius (No. 629), there are rudimentary hind limbs ending in 
hook-like claws sheathed in horn. These claws are put in action 
by certain muscle??, and, serving as antagonists to the tail, give 
it greater prehensile power. 

The ventral fins of fish corresjiond to the hind limbs of other 
-animals. 



THE PATELLA. 
(Pl-^tk XXXV.) 



Shape and Use. — The patella is the largest and best example 
•of a ' sesamoid ' bone. It is developed in the extensor tendon of 
the knee, where it protects the knee-joint, and increases the 
power of the extensor muscles by enabling them to act at a greater 
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^ngle. It is a principle in mechanics that the efficiency of a force 
which acts npon a lever is greatest when its direction is at right 
angles to the lever, and that the force decreases as the obliquity of 
its direction is increased. In shape, the patella is triangular, 
with rounded angles, the apex pointing downwards. 

Zts Two Surfaces. — Its anterior surface is convex, and 
arkmed by longitudinal streaks, indicative of the insertion of the 
fibres of the extensor tendon. 

Its posterior surface is smooth, and crusted in the recent state 
with cartilage, in order to play upon the trochlea of the femur. 
It is divided by a vertical ridge adapted to the groove in the 
femur, and on each side of the ridge are the articular * facets * 
corresponding to the condyles of the femur. 

Osslfloatlon. — The patella is developed from a single centre, 
which appears about the second year. It is not fully ossified 
until the age of fourteen or fifteen. 

The patella, thus serving a mechanical purpose in the sub- 
stance of the extensor tendon, is liable to be broken by a sudden 
and violent action of the extensor muscles, as in making a strong 
effort to regain the balance of the body in danger of falling back- 
wards. In this position — that is, when the knee is half-beat — 
the upper part of the imtella is not supported by its trochlea: 
there is a hollow under it, and here the patella snaps transversely, 
like a stick broken across the knee. The broken ends separate 
widely, and therefore in these transverse fractures reunion takes 
place by ligamentous substance, not by bone. 

But even when the knee is extended,, violent muscular contrac- 
tion is able to snap the patella. Desault speaks of both patellae 
being broken by convulsions in a patient after he had been cut 
for the stone. Opera dancers sometimes break the patella in 
practising the step called the * entrechat.' 

&l8rbt or belt t — One has but to feel one's own knee to find 
that the patella articulates much more extensively with the outer 
condyle of the femur than with the inner. The larger facet of 
the articular surface is therefore external; the apex, for the 
attachment of the ligamentum patellae, points downwards. 
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THE TIBIA. 
(Platk XXXV.) 

Situation and Direotion. — Tlie tibia is the larger of the 

two bones of the leg, and is placed on the inner side. It entirely 
supports the condyles of the feminr, and transmits the weight of 
the body to the foot. Its direction is not oblique like the femur^ 
but vertical ; so that in well-formed legs the two tibue should b 
parallel. Let us examine in succession the upper end, the shaft, 
and the lower end. 

Bead. — The upper end is called the * head ' of the tibia. It 
is very broad in the transverse direction for the support of the 
condyles of the femur : this great breadth is another peculiarity 
of the human skeleton. The two articular surfaces for the con- 
dyles are very shallow in the dry bone, but slightly deepened in 
the recent state by discs of fibro-cartilage (termed the * semilunar 
cartilages '). These cartilages convert the shallow articular sur- 
fiaces of the tibia into variable sockets ; that is, sockets which 
adapt themselves to the varying forms of the condyles in flexion 
and extension of the knee. The outer articular sur&ce is round ; 
the inner is oval, with the long diameter from before backwards, 
in adaptation to the internal condyle. Between the articular 
surfaces is a projection termed the * spine,' which is generally 
to})ped by two little ' tubercles.' In front of the spin^ is the de- 
pression in which the anterior crucial ligament is attached, and 
behind the spine is another much larger, in which the posterior 
crucial ligament is attached. These depressions serve also for the 
attachments of the semilunar cartilages. 

Tuberosities, Xhctemal and Zntemal. — The lateral masses 
which support the articular surfaces are called the * tuberosities * 
of the tibia. The external tuberosity has at its back part a small 
articular surface for the head of the fibula : this articular surface 
is on a kind of bony ledge, and its direction is oblique. The 
internal tuberosity is much larger, and projects more than the 
external. It has a groove behind for the insertion of the * semi- 
membranosus.' About one inch and a half below the head of the 
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tibia, and in front of it, is the ^ tubercle ' for the insertion of the* 
common extensor tendon of the leg (ligamentum patellae). This 
insertion takes place into the lower part of the tubercle, which 
is rough; the upper part is smooth, to allow the easy play of 
the tendon (a bursa being interposed between the tendon and the 
bone). 

Shaft. — ^The shaft of the tibia is triangular on section. It is a 
little twisted outwards, determining the obliquity of the foot ; conse- 
quently the inner malleolus advances a little more than the outer. 
This disposition corresponds with the obliquity of the neck of the 
femur, the position of its trochanters, and the oblique direction of 
the muscles ; the result of all being to give a natural inclinatioii 
outwards to the lower extremity. The narrowest part of the 
Rhaft is about the lower third. This is the part most frequently 
broken. 

The internal surface is subcutaneous. Notice on it, below the 
internal tuberosity, the insertions of the * sartorius,' tlie * gracilis,' 
and the * semitendinosus.' Behind these is a rough surface for the 
attachment of the internal lateral ligament of the knee. 

The external surface is slightly hollowed along its iq)per half 
for the origin and lodgment of the ' tibialis anticus ' : its lower 
part is turned forwards, presenting a smooth surface for the play 
of the tendons which run over the front of the ankle-joint. 

The postei^ior surface presents along its upper third a rough * 
line (* soleal ridge ') slanting from the outer towards the inner 
side. It marks part of the tibial origin of the * soleus ' ; the re- 
mainder of this origin runs down the inner edge of the shaft to 
the extent of about three inches. This origin is important, since 
it concerns the oi>eration of tying the posterior tibial artery. 
Above the ^ oblique line ' is a triangular surface, indicating the 
insertion of the * popliteus.' The surface of the bone below the 
ridge is occupied, internally, by the origin of the ^ flexor longus 
digitorum ' ; externally, by part of the origin of the * tibialis 
posticus.' Just below the line is the canal for the medullary 
artery. It is the hvrgest of all the like canals in the long bones, 
runs very obliquely from above downwards, jind when divided in 
amputations sometimes occasions troublesome haemorrhage. A 
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nerve has often been traced through this canal with the arteiy 
into the medullary cavity. 

BdseB. — With regard to the edges of the tibia, the anterior, 
called the *creet,' or ' shin,' is very sharp, and readily felt beneatli 
the skin, bnt only along the upper two-thirds of the shaft: along 
the lower third the front of the bone is flattened, for the passage 
of the estensor t«ndons and the anterior tibial vessels and nerve. 
The external edge looks towards the fibula, and gives attachment 
to the interosseous membmne (represented 
by the dotted line in fig. 37) which con- 
nects the two bones. The internal edge 
runs from the hinder part of the head of 
the tibia down to the inner malleolus. 
It gives attachment to the deep fesda 
covering the muscles of the back of the 
leg, beneath those of the calf. 

If the direction of the force in running, 
leaping, or walking be considered, it will 
be seen that the chief strain on the tibia 
is at the crest or anterior border— the sliin. This, therefore, is by 
far the strongest and densest part of the bone. 

Fio. 38. lower Bud. — The lower end of the tibia 

is expanded transversely to form a hinge- 
joint with the astragalus. Its articnlar 
surface is concave from before backwards ; 
but the transverse plane of the joint is 
horizontal (as seen in fig. 38), like that of 
the knee, for the better support of the 
weight of the body. The joint is secured 
on the inner side by the projection termed 
the ' malleolus internus.' The outer side 
of this projection is smooth and crusted 
with cartilage, and articulates with the 
1 lateral surface of the astragalus ; the inner 
is subcutaneous. At its apex there is a deep 
notch for the attachment of the internal lateral ligament of the 
ankle ; and behind it is a longitudinal groove, which transmits 
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the tendons of the * tibialis posticus ' and the ' flexor longus 
digitorum.' External to this groove, there is, in some bones, a 
slight depression for the tendon of the flexor longus poUicis. 

Lastly, on the outer surface of the lower end is the rough 
excavation for the reception of the fibula. There is no sensible 
movement between the bones, but just enough to give a slight 
amount of elasticity. The security of the ankle requires that they 
be firmly riveted together by a strong interosseous ligament ; and 
"their contiguous surfaces are foimd to be rough, marking the 
attachment of such a ligament. 

The ankle joint is such a perfect hinge that when the foot is 
^t right angles to the tibia, as in standing, no FiQ. 39. 
lateral movement whatever is permitted ; but when 
•the foot is extended, a very slight lateral move- 
ment can take place between the tibia and the 
astragalus, owing to the astragalus being narrower 
behind than in front. 

OBslfloatlon. — The tibia is ossified from three 
centres : one for the shaft, and one for each end. 
The centre for the shaft appears at the seventli 
week of foetal life. The one for the upper end, 
which (see fig. 39) includes the tubercle, appears 
just before or just after birth, nearly as early as 
the lower epiphysis of the femur. The centre of 
the lower end appears about the second year. The 
epiphyses do not unite with the shaft till the a^e of 

* * •' ° EPIPHYSES OF THK 

twenty or upwards. tibia. 

Blgrbt or Xielt? — This bone will be in the same position as 
the corresponding one in the student's body if he hold the crest 
forwards, the head, or large end, upwards, and the articulation for 
the fibula outwards. 

ComparatiTe Osteologry* — ^The tubercle of the tibia is very 
largely developed in the rhinoceros, but in the elephant there is 
no trace of it. The high and expanded crest in the pig, camel, 
and tapir are remarkable. In the higher quadrumana, as the 
gorilla, chimpanzee, and ourang outan, the tubercle and crest are 
flattened. (For all these specimens see the Separate Series.) 
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T H K FIBULA. 
(PlATK XXXV.) 

delations of Tibia to Fibula. — ^The ^fibula' (a clasp) is 
the outer of the two bones of the leg. Though quite as long as 
the tibia, it is a slender bone, and does not sustain any of the 
weight of the body. The upper end is placed on a lower level 
than the knee joint, and fonns no part of it ; but the lower end 
projects considerably below the tibia, and constitutes the outer 
ankle. The bone not only .secures the ankle externally, but gives 
additional extent of origin to the powerful muscles of progression. 
Look well at the relative position of the two bones of the leg in 
an articulated skeleton. The fibula articulates with the outer and 
back part of the liead of the tibia, and the shaft of the fibula arches 
backivardsj while that of the tibia arches for^narda : the result of 
this is, that the fibula lies very much in tte background, except 
at its lower jiart, where it advances to form the malleolus extemus. 
A knowledge of this relative bearing of the two bones is important 
in the adjustment of fractures, but more especially in the per- 
Fk;. 40 formance of flap-amputations ; and for this 

reason : that the knife, introduced from the 
tibial side, is apt, unless properly directed, 
to pass betirepn the two bones, instead of 
heliind tliem: and this is the more likely, 
since the plane of the posterior surface of 
the tibia slants considerably in front of the 
fibula. The relative position of the two 
bones, as well as their relative thickness, is shown by a transverse 
section (fig. 40). The dotted line represents the interosseous 
membrane. 

Head. — The upper end of the fibula is called its * head,' and 
can be felt plainly beneath the skin. On its inner side is the 
small oval surface which articulates with the tibia. Its outer side 
is very ])rominent, and rises behind into a short projection 
tf rmed the ' styloid process.' This little process is significant, 
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because it probably tallies with the olecranon. It forms a little 
lever for the insertion of the biceps (one of the hamstring 
muscles). Besides this, the outer part of the ^ head ' gives attach- 
ment to the external lateral ligament of the knee joint. 

Shaft. — The fibula must be learned when articulated with the 
tibia. Immediately below the head, the shaft is rounder and 
thinner than elsewhere. The lower three-fourths of the shaft is 
triangular. Its three surfaces are placed so that one (internal) 
looks towards the tibia ; another looks outwards ; the third looks 
backwards. 

&ld8re for ZnteroBseouB Membrane. — The inner or tibial 
surface is divided into two unequal parts by a longitudinal ridge 
which gives attachment to the interosseous membrane separating 
the muscles on the front from those on the back of the leg. Now 
the grooved surface behind the ridge in question gives origin to 
part of the * tibialis posticus ' ; that in front of it gives origin to 
the * extensor communis digitorum ' (which arises also from the 
head of the fibula and the tibia), to the ' extensor proprius 
pollicis,' and to the ' peroneus tertius.' Thus, four muscles arise 
from the inner side of the shaft ; of these, three are situated in 
front of the interosseous membrane, and one behind it. 

The outer surface of the shaft gives origin to the * peroneus 
longus ' above and the * peroneus brevis ' below. Towards the 
lower end of the bone this surface inclines backwards, and the 
tendons of these two muscles play along the groove behind the 
external malleolus. 

The poaterior surface gives origin to two muscles only ; 
namely, along its upper third to the ' soleus,' and along its lower 
two-thirds to the ' flexor longus pollicis.' Here is the canal for 
the medullary vessels. 

* The anterior border of the shaft is the sharjiest, like that of 
the tibia. Trace it down the bone, and you find that it bifurcates 
about three inches from the lower end, and encloses a triangular 
surface, which is subcutaneous. Here we feel for fractures of the 
lower part of the fibula. 

Ziower Snd. MaUeolua Bxtemus.— The lower end of the 
fibula descends below the tibia and forms the * malleolus extemus ' 
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wliich secures the ankle joint on the outer side. It is not only 
longer than the inner ^ malleolus,' but projects more, giving more- 
power to the tendons of the ^peronei,' which play in a groove 
behind it. On its inner side is the smooth, slightly convex, 
triangular surface which articulates with the side of the astragalus ; 
and just above this is the rough surface which fits into the- 
groove of the tibia, and gives attachment to the interosseous 
membrane which rivets the two bones together. The malleolus^ 
gives attachment to the three separate bands of the external 
lateral ligament of the ankle ; the middle band is attached to the 
apex ; the anterior to the front edge ; the posterior and strongest 
to a surface above and on the inner side of the apex. 

The tibia and fibula are so fixed together at the ankle, that 
there is no sensible motion between them ; only just enough to 
give a little elasticity. The oflSce of guarding the ankle is per- 
formed so well by the fibula, that lateral dislocation rarely takes 
place unless the fibula be broken. Fractures of the fibula gene- 
rally occur about 2i inches from the lower end, and most fre- 
quently happen in consequence of a violent outward twist of the 
foot, as in slipping off the curb-stone. The outer surface of the 
08 calcis comes to press against the end of the fibula ; the result 
of which is, that the shaft of the bone gives way at the weakest 
part — that is, -just above the ankle. The same accident may 
happen from a violent twist of the foot hnvarcls ; but in this case 
it is the astragalus which, by its pressure outwards, causes the 
fibula to break. This kind of fracture — accompanied, as it usually 
is, with fracture of the tip of the internal maUeolus — is one of 
the most frequent injuries about the ankle received into a London 
hospital. Such an accident is commonly called 'Pott's fracture,^ 
after the celebrated surgeon who first described it. 

Ossification. — The fibula has three centres of ossification ; 
one for the shaft, and one for each end. The centre for the shaft 
appears about the seventh week of foetal life. The lower end 
begins to ossify about the second year ; the upper about the third 
or fourth. It is interesting to note that the lower end, the early 
solidity of which is so necessary, is the first to unite to the shaft,, 
and is thus contrary to the rule laid down on page 24. 
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&l8rbt or laeft ? — ^This bone will be in the same position as 
the corresponding one in the student's body, if he hold the sub- 
cutaneous triangular surface downwards and outwards, bearing in 
mind that the apex of the triangle runs to the front ridge of the 
bone, and therefore must be placed forwards. 

ComparatlTe Osteologry* — It is interesting to notice the 
gradual disappearance of the fibula in reviewing the vertebrata. 
In the horse it is reduced to a mere splint at the upper part of 
the tibia. 

In the Omithorjnichus (No. 1699) there will be seen a broad 
flat process, projecting high upwards at the back of the fibula, 
which gives origin to enormous extensor and flexor muscles, 
which work the paddle-like foot (see Phys. Ser. Mus. Roy. Coll. 
Surg., No. 255 C). A similar process exists on the fibula of the 
Echidna (No. 1704 C). The fibula of the Armadillo (No. 2335) 
attains a great size, and is anchylosed above and below to the tibia 
and enters into the formation of the knee joint. 
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thus breaking shocks and increasing elasticity ; and yet their 
mutual connection is so well secured, that dislocation of any one 
bone is extremely rare. 

Tarso-Xetatarsal Artionlations. — ^The second row of tarsal 
bones consists of four: namely, the three cuneiform and the 
cuboid. These articulate with the metatarsal bones as follows : — 
The internal cuneiform with two, those of the great and second 
toes ; the middle cuneiform with one, that of the second toe ; the 
external cuneiform with three, those of the middle, the second, and 
fourth toes ; and the cuboid with two, those of the fourth and fifth 
toes. See how this exactly corresponds with the articulations 
of the second row of carpal bones with the metacarpals. Starting 
from the great toe, or thumb side, these bones articulate with 2, 
1, 3, and 2 metatarsal and metacarpal bones respectively. 

It is wonderful what habit and necessity will make the foot 
accomplish. Those who coop it in tight boots, can hardly credit 
that persons carve, write, and even paint with the toes. ^ Pes 
altera manus ' is not so far from the truth. A French artist, 
Ducomet, bom without arms, used to paint with his toes pictures 
worthy of a place in the French Exhibition. 

Tbe Foot a Ziever of the Second Order. — The foot is a 
.lever of the second order for raising 
the body. The weight is at the ankle 
joint W (fig. 41) ; the /ulcrum F is at 
the toes ; and the power (which is the 
contraction of the muscles of the calf) 

is at the heel P. All the conditions HlJI^^t^^KV 

are those of a lever of the second order. 
The power and the weight act in oppo- 
site directions on the same side of the 
fulcrum.^^ 

T H K A S T 11 A G A L U S. 
(Plate XXXVI.) 

Tbe K.e7-stone i its Six Aspects.— The astragalus {darpd- 
^aXoSf talus, the knuckle-bone, with which the ancients used to 
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play at dice), is the key-stone of the arch of the foot, and supports 
the whole weight of the body, which, in the erect position, falls 
perpendicularly upon it from the tibia. It is so much concerned 
in the mechanism of the spring of the foot, that the Germans 
call it the * spring bone.' To examine it thoroughly study its sir 
aspects. 

Superior Aspect. — Its superior surface, broad and horl- 
zoiital in the transverse direction, the best adapted for the erect 
posture, presents a pulley-like convexity in the antero-posterior 
direction, which articulates with the tibia, and admits of the 
flexion and extension of the ankle. In front of this is the rough 
surface or * neck,' for the attachment of ligaments. This pulley- 
like surface is at least one-fifth of an inch broader in front than 
behind. This prevents dislocation of the astragalus backwards, 
■yrhich would otherwise be a more frequent occurrence, considering 
the direction of the force in walking, running, or leaping. In 
consequence of this greater narrowness of the astragalus behind, 
the ankle joint admits of a very slight lateral movement when the 
foot is extended. But there can be no lateral movement at the 
ankle when the foot is at right angles to the tibia, i.e. when we 
stand upon it. 

Ziateral Aspects. — Each lateral aspect presents an articular 
surface adapted to the corresponding malleolus. The outer is 
much the larger, slightly concave from above downwards, and tri- 
angular with the apex below. The inner is comparatively small, 
rounded in front and pointed behind ; it occupies very little of the 
bone, so that a large, rough excavation is left below, for the attach- 
ment of the enormously strong internal lateral ligament upon 
which the security of the ankle so much depends. 

PoBterior Aspect. — Its })osterior aspect is narrow, and 
presents a groove running obliquely downwards and inwards for 
the tendon of the flexor longus pollicis, and a projection on the 
outer side of it for the attachment of the posterior division of the 
external lateral ligament of the ankle. 

Anterior Aspect. — ^The anterior aspect presents a large con- 
vex * head,' which is received into a socket, formed, in front, by 
the scaphoid ; below, by the ' sustentaculum tali ' (part of the os 
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calcis) ; also by a strong and slightly elastic ligament which fills 
up the gap left, on the inner side and below, between these bones 
in the skeleton. (Plate XXXVIII.) Sometimes the under surface 
of the ^ head ' has two separate * facets ' to articulate with the os 
calcis. These are distinctly marked in children ; and they become 
united in adults, owing perhaps to the pressure to which they are 
subjected by the practice of wearing high heels.®® It is this 
ligament (calcaneo-scaphoid) which mainly supports the arch of 
the foot, and gives it its spring. If this ligament yield more 
than it should do, as is sometimes the case in weakly persons, 
or in opera-dancers, from excessive straining, or in bakers,, 
from carrying heavy weights, down goes the arch — the foot be- 
comes flat, and the astragalus may sink low enough to touch 
the ground. 

Inferior Aspect. — ^The inferior aspect rests on the os calcis 
by two articular surfaces, one behind the other, and separated by 
a deep groove directed from the inner side obliquely outwards and 
forwards. Of these surfaces, the posterior is by far the larger, 
and placed a little more external than the anterior. The posterior 
is concave, the anterior flat, and both of them slant a little down- 
wards and forwards. The consequence of this is, that when the 
foot sustains the weight of the body, the astragalus slides a little 
forwards on the os calcis, and presses with its head firmly against 
the scaphoid bone and the calcaneo-scaphoid ligament underneath^ 
which, being somewhat elastic, yields a little, so that the foot 
becomes longer. But this is not all. When we step forward^ 
while the foot is raised, the bones (os calcis and scaphoid) roll 
easily below the astragalus, so that the toes may be directed to 
suit the inequalities of the ground 2 but, the foot once planted^ 
the body refits perpendicularly on it, the astragalus sinks into its 
socket, presses the os calcis backwards and the metatarsal bones, 
forwards, and thus we have a steady base of support. 

Tunnel of the Tamos. — ^The groove just alluded to, between 
the articular surfaces of the astragalus, corresponds with another 
between those of the os calcis. When the bones are together, 
the grooves form a complete tunnel (canalis tarsi) beneath 
the astragalus, wide on the outside, but narrow on the inside of 
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the foot (fig. 42). This tunnel is occupied in the recent Btata 
by &t and by the strong interosseouB ligament which connects 
the two bones: its direction is obliquely 
from before backwards, and permits the 
free Uiterat movements of the foot, which 
take place, not at the ankle joint proper(a 
simple hinge), bat between the astragalus 
and the bones with which it articulates 
helinv. The astragalus cannot be dis- 
placed irom the os calcis without rupture 
of the interosseous ligament. 

Coiui«otl(ni*> — The astragalus articn* 
lutes with four bones — namely, the tibia, 
the tibula, the os calcis, and the scaphoid. 
Osalfiratloii. — It is ossified ftt)m a 
flKcnovTosHowTHKiTjtNKL ^jngjg ccutre, which appears about the 
OF THK Tlnsi-?. o ' rr 

seventh month of fcetal life. 
airht or Xi«ftt — This bone will be in the same position si 
the corresponding one in the student's body if he hold the groove 
for the interosseous ligament downwards, the rounded head tor- 
wards and on the inner side, for Hrticulation with the hollow of 
the scaphoid. 




OS CALCIS, OB C A L C A N E U M. 
(I'LATus XXXVI., XXXVU.) 

Use, — The os eatci:*, or 'calcaneum,' is the longest and 
stroiigt'st of the tari-al bones. It tninsmits the weight of the 
body to the ground, and forms a powerfid lever for the muscles of 
the calf. The nearly horizontal <lirection of the heel is peculiar 
to the skeleton of man, in adaptation to his erect position. The 
olilique projection in the hind limb of a horse, called the ' hock,' 
ifl the on calcis. 

There is a prevalent opinion that the negro lias a longer heel 
than the white man ; but an examination of a series of calcanea 
in both races pro%'es this to be an error. Professor Flower, in his 
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"^lectures on the ^ Comparative Anatomy of Man,' states that the 
^Lppareiit lengthening in the negro is due to the smallness of his 
«alf and the slendemess of the tendo-Achillis immediately above 
the heel. 

There are six diflFerent aspects on the os calcis. 

Superior Aspect. — Its superior aspect presents the two 
surfaces which support the astragalus. Of these, the posterior is 
convex and larger than the anterior, which is concave, long and 
narrow, and is situated on the top of the ^ sustentaculum tali * 
(presently to be described). The plane of both these surfaces is 
horizontal transveradyy the better to support the weight; but, like 
those of the astragalus, they slope a little, so that the weight 
is transmitted . obliquely downwards and forwards upon the arch 
of the foot. Observe the groove between the articular surfaces 
for the attachment of the interosseous ligament : this groove 
makes, with the astragalus, a complete tunnel shown in fig. 42. 

If a perpendicular section be made through the os calcis, it 
shows that the compact wall is thickest at the articular surfaces 
for the astragalus ; and that, from these, the principal septa of the 
cancelli radiafe towards the back and under part of the bone ; that 
is, precisely in the line of pressure. 

Anterior Aspect. — The anterior end presents a concave 
vertical surface, which articulates with the cuboid bone. The 
edge of this surface projects a little, superiorly ; and the projec- 
tion deserves notice, chiefly because it is in the way in the per- 
formance of * Chopart's ^ operation, which consists in the removal 
of all the bones of the foot, except the os calcis and astragalus. In 
some instances it supports a third articular facet for the astragalus 
(see p. 187). The rough tubercle, on the dorsal surface of the 
anterior end, gives origin to the ^ extensor brevis digit orum.' 

Posterior Aspect. — ^The posterior end, or ^ great tuberosity,' 
forms the heel. The lower rough part indicates the insertion of 
the * tendo-Achillis ' ; while the smooth part above indicates the 
position of the bursa between the tendon and the bone. 

Bztemal Aspect. — ^The external surface is broad, flat, and 
nearly subcutaneous. Rather in front of the middle is a tubercle 
(peroneal tubercle) which serves to keep the peroneal tendons in 
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place, that Jof the * peroneus brevis ' being above, that of the 
* peroneus longun ' below the tubercle. Behind this tubercle is, 
generally, another, much smaller, for the attachment of the ex* 
temal lateral ligament of the ankle. 

. Internal Aspect. — The internal surface presents a concavity 
for the safe [transmission of the plantar vessels and nerves. At 
its upper part is the process termed the ^ sustentaculum tali^ 
which helps to support the head of the astragalus, shelters the 
plantar vessels and nerves, and gives attachment to the calcaneo- 
scaphoid ligament and to some fibres of the internal lateral 
ligament of the ankle. There is a deep groove along the under 
surface of this process for the tendon of^ the ^flexor longus 
poUicis.' 

Inferior Aspect. — The inferior or plantar surfiEtce presents 
at its back part two tubercles, of unequal size, the internal being 
much the larger. Tliey are the only parts of the os calcis which 
touch the ground. They serve for the origin of muscles, and for 
the attachment of the strong plantar fascia which protects the 
sole of the foot. There is also another tubercle forwards for the 
attachment of the calcaneo-cuboid ligament. Thus, there are 
three exceedingly strong ligaments attached to the os calcis for 
the preservation of tlie arch of tlie foot — 1, the plantar fascia 
(which acts as a ligament); 2, the calcaneo-scaphoid lig-cunent 
beneath the head of the astragalus ; and 3, the calcaneo-cuboid. 

The muscles arising from the os calcis are : — * Abductor 
pollicis,' * abductor digiti minimi,' 'flexor brevis digitorum,' 
'flexor accessorius' (two heads), and 'extensor brevis digitorum.' 
The ' tendo-Achillis ' is the only insertion ; unless we include that 
of the little 'plantaris,' on the inner side of the tendo-Achillis, 
and a few fibres from the tibialis posticus into the 'sustentacuhun 
tali.' 

Connections. — ^The os calcis articulates with two bones, the 
Astragalus and cuboid. 

Ossification. — The os calcis has two centres of ossification : 
•one for the great mass of the bone, which appears about the 
seventh month of fcetal life ; and another for the great tuberosity 
which is an epiphysis and appears about the tenth year. The 
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epiphysis unites to the bone about the sixteenth year. It repre- 
sents, according to some anatomists, the pisiform bone of the 
"wrist. 

atg'lit or Zielt T — This bone will be in the same position as 
the corresponding one in the student's body if he hold the 
<5ubical heel backwards, the articulation for the astragalus up- 
wards, and the suatentacitluni tali inwards* 

The Scaphoid Bone. 

Situation. — The scaphoid bone, so named from its boat-like 
form, is situated on the inner side of the tarsus. It presents, 
jposteriorlyy a concave oval surface (the narrow end being placed 
internally), which forms part of the socket for the head of the 
astragalus. Anteriorly^ it has three articular facets for the three 
cuneiform bones. These facets are not all on the same plane or of 
the same shape : the inner is the largest, and articulates with the 
inner cuneiform : the middle and the outer facets are triangular 
with the apices below, to fit the middle and outer cuneiform. 
ExternaMyj it has sometimes a small facet which articulates with 
the cuboid bone. Intei^ally^ it has a very prominent tubercle^ 
which projects and can be readily felt on the inner side of the foot. 
It gives insertion to the tendon of the ' tibialis posticus,' which 
turns the foot inwards. This tubercle is the best guide to the 
joint behind it, in the performance of Chopart's operation. The 
lower part of the scaphoid is very rough for the attachment of the 
calcaneo-scaphoid ligament. 

Connections. — The scaphoid articulates with the three cunei- 
form bones in front, the astragalus behind, and sometimes with 
the cuboid. 

Ossification. — It has a single centre, which appears about 
the fourth year. 

AiflTlit or ZicIt T — ^This bone will be in the same position as 
the corresponding one in the student's body if he hold the con- 
cave surface for the head of the astragalus backwards, the tubercle 
downwards and on the inner side. 



192 THE CUBOID BONE. 



TlIK CUJJOII) BOXE. 



Situation. — ^The cuboid bone is situated on the outer side of 
the tarsus, and is wedged in between the os ealeis and the fourth 
and fifth metatarsal bones. The ba^e of the wedge is turned 
towards tlie cuneiform bones, so that the pressure in the arch of 
the foot is properly distributed. Suppose, for a moment, the base 
were turned the other way, would not the lateral thrust from the 
external cuneiform bone force the cuboid out of the arch, and the 
falling of the arch be the consequence ? 

Surlkces. — Its posterior surface is slightly concave from 
above downwards, and convex from side to side, to articulate with 
a corresponding surface on the os calcis. Observe that the plane 
of this joint is the same as that between the scaphoid and astra- 
gsdus. Hence partial amputation of the foot (Chopart's operation) 
here is easy. But it cannot be done at one stroke of the knife, 
because the inner comer of the cuboid projects a little beneath 
the OS calcis, which tends to prevent it being dislocated upward& 

Its anteidor surface has two smooth facets, the inner nearlv 
8<iuare, the outer triangular, which support the fourth and fifth 
metatarsal bones. 

Its Inter iml surface articulates with the third or outer cimei- 
form, by a flat oval surface, and, generally, with the scaphoid. 

Its inferior surface is traversed by a deep groove which nms 
obli(]uely inwards and forwards and lodges the tendon of the 
* peroneus longus.' The prominent ridge behind the groove, and 
the rest of its under surface, give attachment to the calcaneo- 
cuboid ligament. Observe near the posterior part of this ridge 
a small smooth facet (crusted in the recent state with cartilage), 
which articulates with the sesamoid bone in the tendon that plays 
in the groove. 

ConnectionB. — The cuboid articulates with four bones — the os 
calcis, the outer cuneiform, and the fourth and fifth metatarsals 
— and sometimes with a fifth, namely the scaphoid. 

The cuboid gives origin to pirts of two nmscles in the sole — 
the * adductor pollicis,' and the ' flexor brevis pollicis.' Remember 
that the adductor pollicis arises, not immediately from the bone. 
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but from the fibrous sheath which bridges over the groove for the 
peroneus longus. 

Osslfloatlon. — ^The single nucleus of the cuboid bone appears 
at birth. 

atflTlit or ZieItT — This bone will be in the same position as 
the corresponding one in the student's body if he hold the groove 
for the peroneus longus downwards, the narrow non-articular 
edge outwards, and the large concavo-convex surface for articu- 
lation with the 08 calcis backwards. 

The Cuneiform Bones. 

Position. — ^The cuneiform or wedge bones are placed at the 
front part of the tarsus, and are named the ^ internal,' * middle,* 
and * external,' according to their position. Behind, they articulate 
with the scaphoid; in front, with the three inner toes, respectively. 
The bases of the middle and external are towards the dorsiun of 
the foot ; but the base of the internal is turned towards the sole, in 
order to form one of the buttresses of the transverse arch of the foot. 

Zntemal Cuneifbrm. — The internal cuneiform is the largest, 
and supports the metatarsal bone of the great toe. Its anterior 
articular surface is convex, and kidney-shaped, with the long 
diameter vertical. Inferiorly, the thick base projects into the 
sole considerably below the other cuneiform bones, giving broad 
insertion to the tendons of the two muscles which turn the sole 
of the foot inwards, namely, the * tibialis anticus ' and * posticus.' 
Externally, it is slightly concave, and articulates along its upper 
and posterior margins with the second cuneiform and the second 
metatarsal bones : internally, it is convex, and has a little smooth 
8ur&ce over which the tendon of the * tibialis anticus ' plays. 
Posteriorly, it articulates with the scaphoid by a concave surface, 
wider below than above. 

Thus it articulates with four bones — namely, the scaphoid, the 
middle cuneiform, and the two inner metatarsals. 

Stffbt or laettx — ^This bone will be in the same position as the 
corresponding one in the student's body if he hold the sharp edge 
upwards, the rough non-articular surfece inwards, and the smaller 
concave articular surface backwards to articulate with the scaphoid* 

o 
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Kiddle Ounellbmi. — ^The second or middle cuneiform bone 
is not only the smallest of the three, but does not project so 
much as the others ; consequently the second metatarsal bone, 
which it supports by a triangular surface, is more deeply set in 
the tarsus than the other metatarsals. This is a point to be 
remembered in removing the metatarsal bones (Key's operation). 
Posteriorly, it articulates with the scaphoid by a triangular sur* 
&ce with the apex below. It has on each side an articular facet 
for the adjoining wedge bones. The external fiicet^ slightly con- 
cave, runs vertically along its posterior half in correspondence 
with the external cuneiform. The internal facet, slightly convex, 
skirts its superior and posterior borders; thus presenting a 
horizontal and a vertical portion, in exact correspondence with 
the marginal surface of the internal cuneiform. It is one of the 
peculiarities of these wedge bones of the foot, that intervals are 
left between their sides, for the attachment of the interosseous 
ligaments which fasten the bones together. 

Oonneotions. — ^The middle cuneiform articulates with four 
bones — the scaphoid, the outer and inner cuneiform, and the 
second metatarsal. 

SiiTbt or beftt — ^This bone will be in the same position as 
the corresponding one in the student's body if he hold the apex 
of this wedge-shaped bone downwards, the narrowest side of the 
base forwards, and the concave side (with the vertical articular 
surface only) outwards. 

Bztemal Cuneiform. — ^The third or external cimeiform bone 
articulates, externally, with the cuboid by a flat oval facet, and 
with the inner comer of the fourth metatarsal bone ; internally^ 
with the middle cuneiform and the second metatarsal ; posteriorly,, 
with the scai>hoid ; anteriorly, it supix)rts the third (its proper) 
metatarsal on a triangular surface ; thus it articulates with six 
bones. Notice, esi)ecially, the extent to which it juts forwards 
between the second and fourth metatarsal bones, so that it helps- 
to supi)ort three metatarsals just as the os magnum of the wrist 
supports three metacarpals. 

The flexor brevis ix)llicis partly arises from the under surface 
of the external cuneiform ; and some of the fibres of the tendon 
of the tibialis posticus are inserted into it. 
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Siffht or beftt — ^This bone will be in the same position as 
the corresponding one in the student's body if he hold the rough 
non-articular surface towards the dorsum of the foot, its sharpened 
end backwards, fitting in between the scaphoid and the cuboid ; 
and the round flat surface for articulation with the cuboid on its 
outer side. 

Arttoulatlons of Tarsal Bones. — Look once more at the 
bones, and remember that the astragalus articulates with four 
bones ; the os calcis with two ; the scaphoid with four (sometimes 
five); the internal cuneiform with four; the middle cuneiform 
with four ; the external cuneiform with six ; the cuboid with four 
(sometimes five, the fifth being the scaphoid). 

Ossification of Tarsal Bones. — Each bone of the tarsus 
has one centre of ossification, except the os calcis, which has two. 
The OS calcis begins to ossify about the sixth month of foetal life ; 
the astragalus about the seventh month ; the cuboid about birth ; 
the external cimeiform about the first year after birth ; the middle 
and internal cuneiform and scaphoid about the third or fourth year. 

The second centre (or epiphysis) of the os calcis is at the 
back part of it. It appears about the tenth year, and joins the 
rest of the bone about puberty. 

The Metataksus. 

Oeneral Description. — ^The five metatarsal bones are named 
the first, second, third, fourth, and fifth, counting from the inner 
side. The first is the shortest and by far the strongest, and sup- 
ports the great toe. The second is the longest ; and from this the 
third, fourth, and fifth gradually decrease in length. All are slightly 
arched from before backwards; in addition to this, the three 
outer incline a little sideways towards the great toe. The spaces 
between them are termed the * interosseous spaces,' and gradually 
decrease in size towards the outer side. As the metatarsal bones 
are *long' bones, we speak of their shafts and their articular 
ends ; the upper end of each being termed the * base,' and the 
lower or rounded end the * head ' of the bone. 

Like the corresponding bones in the hand, the shafts of the 
metatarsal bones are more or less triangular on transverse section, 

o 2 
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being flat on the dorsal surface ; aod they gradoally taper from 
their proximal ends. 

Bases or Vpp«r Bnds. — Their baaee articulate with the 
eecond row of the tarsus, and, laterally, with each other ; that of 
the first excepted. The line of the tarBo-metafarsal articulationa 
would be a tolerably even cur\-e, but for the second metataml, 
which 13 jammed into a recess between the cuneifiMm bones. 
Thus the second metatarsal is firmly locked in like the second 
metacarpal. The bases of the outer four slope outwards and 
backwards. 

Hsads or Xiower Bndft.— Their heads, which are mnch 
smaller than those of the metacarpal bones, are convex, and fit 
into the cups of the first phalanges ; they are grooved above for 
the attachment of ligaments. 

The convexity of the head of each metatarsal extends down- 
wards towards the sole of the foot — that is, in the direction of 
flexion — and terminates below in two points called the 'condyles.' 
On each side there is a tubercle for the attachment of the lateral 
ligament. The external condyle is always the larger and more 
prominent, and a well-marked ridge connects it with the shafl:. 
Hence, when a metatarsal bone is held with the head forwanl, 
and the dorsum of the shaft upward, the more prominent condyle 
will be on the outer side, 

First Metatarsal. — The excessive strength and size of the 
first metatarsal bone which supports the great toe, are peculiar 
to man. It is the chief support upon which 
j tlie body is raised by the great muscles of 

the calf. Its base presents a kidney-shaped 
surface, which articulates exclusively with 
the internal cuneiform bone ; and there is 
an impression on the outer side of itfi plantar 
aspect, indicating the insertion of the ' pero- 
neus longus' (fig, 43). Its head is remark- 
ably broad, and supports the ball of the 
great toe. It has on its under surface 
two grooves (separated by a ridge) for the 
play of the two sesamoid bones. 
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Xlarbt or Keft t — Tbie bone will be in tbe same position as 
the corresponding one in the etudent's body if be bold It with 
tbe base backwards, the concavity of the kidney-shaped surface 
outwards, and tbe surface for the insertion of the peroneus longus 
downwards. , 

Seooiid Matatarsol. — Tbe second metatarsal bone, tbe 
longest of all, may be known by 
its triangular surface at the base 
for the middle cuneiform bone, a 
Bmall lateral facet for tbe inner 
cuneiform, and foux lateral facets 
on its outer side ; namely, two*' 
for tbe outer cuneiform, and two 
for the third metatarsal bone. 
The right may be readily dia- 
tinguished from the left by at- 
tention to these points. 

Third MotatarML— The third 
metatarsal bone may be known by 
its having two articular facets on 
the inner side of the base, aud one 
on the outer side. 

Fanrtli M«tatar»al. — The 
fomtb metatarsal, bone may be 
known by its square tarsal sur&ce 
for the cuboid, and a single fecet 
on each side (figs. 48, 49). The 
inner facet is, as a rule, divided 
by a slight ridge into an anterior 
and a posterior part ; the posterior 
being for the outer cuneiform. But | 
the fourth metatarsal does not al- 
ways touch tbe outer cuneiform. 
This variation is seen in several 
specimens in the stores of the 
Moseum of the Royal College of 
Surgeons. 
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ruth HatetenHd. — The fifth metatarsal bone can at once 
be recognised by the great projection on the ont«r side of 
Fra. 60. Fro. 61. its base. This projection gives attach- 

^- ^* ment to the outer division of the plantar 

^^^ Jir\ fascia, and to the tendon of the peroneus 

HHk M; \ i\ brevis. The peroneus tertias is inserted 

■ ^^1 H^ tJI ^^ "^^ dorsal aspect of the base. The 

^ m BmIH surface of articulation with the cnboid 
^L^B vHlw "'^"^^ outwards and backwards. There 

■H V|[H is a round lateral &cet for the fourth 

f^ ■ H metatarsal. 

iNNBB siDc OL-TEB 8IDI. ABTeoBisiit bfttwaon XetatKTBals 

BUB OF FIFTH BHUTT MBTA- and MotAoaTpAls. — It may be veil to 
TAESiu remind the reader that there is a remark- 

able agreement in the majority of cases in the number of bones 
with which corresponding metatarsals and metacarpals articulate at 
their bases. Thus, the base of the first, in each case, articulates 
with one bone — that of the second with four — that of the third 
with three —that of the fourth with four — and that of the fifth 
with two. 

OMlficattoB. — Each metatarsal bone has two centres of ossi- 
fication — one for the shaft and base, the other for the head ; ex- 
cepting the metatarsal bone of tlie great toe, which is ossified like 
a phalanx, that is the epiphysis is at the base, and thus it resem- 
bles the metacarpal bone of the thumb in its development. 

Phalange* of tb« Toes. — Each toe consists of three pha- 
langes, excepting the great toe, which has only two. The pha- 
langes of the other toes differ from those of the fingers mainly 
in being shorter. To learn the characters of phalanges the stu- 
dent should refer to those of the hand as being better marked 
than those of the foot. The last two plialanges of the little toe 
are generally anchylosed in adults, probably in consequence of 
being cramped by tight shoes. The great toe is the longest of all, 
but in the Antique the second is represented as being the longest. 
ComparatlTe ORteolOff7. — Like the thumb, the first or 
great toe has only two plialanges. Tliis is the ease throughout 
the whole mammalian class, provided it supports a nail, a hoof, or 
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a claw. The hind foot of the horse is the representative of the 
third toe. 

Sesamoid Bones. 

There are two sesamoid bones which play in two grooves be- 
neath the head of the first metatarsal bone. They act like little 
* patellae,' and increase the leverage of the muscles which work the 
great toe (see p. 175). Very exceptionally similar bones are met 
with in the corresponding joints of other toes. 

Gomparative Osteologry. — There are many sesamoid bones 
in the foot of the great armadillo (Priodontes gigas, No. 2335 B). 
Examine also the under surface of the foot of the dog (No. 4391 
A). There are four sesamoid bones behind the pastern joint of 
the ox, and two behind that of the horse. The sesamoid bone 
in the tendon of the flexor longus digitorum, behind the last 
joint, is called by veterinarians from its shape the * navicular * 
bone. 

Observations on the Foot as a Whole. 

Oeneral Obserratioiui on the Foot. — The knowledge of the 
individual bones will be of little practical use, unless the skeleton 
of the foot be studied as a whole*. 

The sketch on page 200,'® taken from a preparation, is made to 
show the sequence of the bones which form the inner and the 
outer sides of the longitudinal arch of the foot. On the inner 
side are the astragalus, the scaphoid, and the three cimeiform 
bones supporting the three inner metatarsals. On the outer side 
are the os calcis, the cuboid, and the two outer metatarsals. By 
putting the two sides together, it is easy to study and recollect 
their relative bearings. 

Arches of the Foot. — llie foot is a combination of nimierous 
small bones, so adapted and connected as to form strong and, at 
the same time, elastic arches. 

Xiongitadinal Aroh.— The principal arch is in the antero- 
posterior or long axis of the foot. This * longitudinal arch ' has 
to bear the weight of the body erect. It is supported, behind, by 
the tuberosities of the os calcis ; and in front, by the distal ends 
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of the mctutursal bonvn. Its inner side iti much higher than the 
outer, and in formed by the astrogalue, the scaphoid, the three 




cuneiform and three inner metatarsal bones. This is well seen 
in fig. 52. Tlie outer side of the arch is much lower than the 
inner, and is formed by the 09 calcis, the cuboid, and the two 
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outer metatarsal bones. It is supported mainly by a strong^ 
ligament termed the * calcaneo-cuboid.' 

TransverBo Aroh. — Besides the longitudinal arch there is 
another in the transverse direction. This is most marked over 
the instep : that is, its greatest convexity is across the cuneiform 
and the cuboid bones. Its inner side is much thicker than the 
outer. 

Tieldlngr of the Arches. — ^\Vhen we stand, not only does the 
longitudinal arch of the foot yield, but the transverse arch yields 
also. The wedge bones and the metatarsals Fio. 63. 

are connected by interosseous ligaments, which, 
being slightly elastic, give a little, and thereby 
increase the transverse breadth of the foot. A 
transverse section across the instep — that is, through the wedge 
bones — shows that they are shaped, not like the stones of a bridge,. 
as in fig. 53, but as represented in fig. 54. Their sides are not in 
apposition all the way down, but gaps are left Fio. 64. 
between them : now these gaps are occupied by 
elastic ligaments, which permit a certain amoimt 
of separation between the bones when the arch is 
pressed upon. transverse secx 

* ^ TION TO SHOW THE. 

Keohanlsm of Foot in Walklngr.->Con- po^^ qf the cu- 
aider the mechanism of the foot in the act of neiform bones. 
walking. In standing, the weight of the body is transferred from 
the astragalus both backwards and forwards; backwards to the 
heel-bone, forwards to the ends of the metatarsals and toes. The 
inner side of the arch sinks a little ; the outer side touches the 
ground, or nearly so. Thus the weight is evenly distributed ; the 
head of the astragalus transmittmg it to the inner side, the cal- 
caneum to the outer side. The foot then forms a firm basis of 
support, becoming a little longer, and a little wider at the toes, 
owing to the widening of the transverse arch and the slight sepa- 
ration of the metatarsals. 

When we begin to walk, the heel is first raised ; the astragalus 
is tilted forwards and downwards, but cannot slip off the os calcis 
by reason of the alternately convex and concave joints between 
them. The astragalus in this position is almost hooked on to the 
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<;alcaneiim. It transmits the weight of the body through the 
scaphoid to the three inner toes, and through the calcaneum and 
cuboid to the two outer ; then the weight is entirely sustained by 
the heads of the metatarsal bones, especially that of the great toe, 
which is the last to leave the ground, and propels the body on to 
the other foot, extended forward to receive it.** 

Such is the mechanism of the calcaneo-astragaloid joint. It 
is equally strong and transmits weight with the same security, 
whether the pressure be vertical, as in the erect position, or oblique, 
as in the middle of the act of walking, or when we stand on tiptoes. 

Our shoes ought to be made so as to permit the natural play of 
the arches of the foot. It is manifest that the practice of wearing 
high heels alters the level of the jners of the arches. By thus 
raising one pier, i.e. the heel bone, we walk on an inclined plane; 
we alter the bearings of all the other bones ; we throw the pres- 
sure on the articular surfaces of the heads of the metatarsal 
bones, and thus give rise to distortion, crooked toes, bunions and 
corns — local troubles which disincline or prevent us finom taking 
necessary exercise, and set up far more serious constitutional 
ailments. 

Ancient Egyptian and Greek art represents the second toe as 
longer than the great toe. This was probably copied from the 
negro, for in our race at the present time the great toe is certainly 
the longest of all the toes in the vast majority of cases.^ 

Comparative Osteologry. — ^The chief variations in the digits 
of the vertebrata are of number and connections. In some in- 
stances — e.g. seal (No. 3961), also Platanista Gangetica (Cetacea, 
No. 2482 C) — the digits are so bound together in a common sheath 
that they have little individual movement, though they form an 
excellent paddle. The number is reduced to four in the boar 
(Nos. 3248-3253 A), to three in the rhinoceros (No. 2933), to 
two in the ox (No. 3825 A), and to one in the horse (No. 3133, 
Equus Caballus). The middle digit is the most constant of all 
the digits in the vertebrata. The bones forming the three joints 
of this toe answer to those called the * great pastern bone,' the 
* little pastern bone,' and the * coffin bone ' in the horse, while the 
nail in the toe is represented by the hoof. 
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An inspection of the separate series of bones in the Osteol. 
Mas. of the Boyal College of Surgeons will show that the horse 
walks on his third toe (i.e. our middle toe), and the pig and cow 
on the third and fourth. The kangaroo walks on his fourth and 
^fth toes, the second and third being greatly diminished in size. 
Birds have three toes usually developed, viz. the second, third, 
and fourth ; but the ostrich only has two, viz. the third and the 
fourth. The spur of the cock is the great toe nail. 

The elephant (Proboscidia, No. 2654) has five toes, and the 
Weight of the body is supported by a palmar and plantar pad 
under the toes. 

The Hyrax Capensis (No. 3115 C) will be seen tp have four 
toes in front, and three behind ; those in front correspond to the 
second, third, fourth, and fifth ; those behind to the three middle 
ones. The inner nail on the hind foot is much curved. 

In Ungulata there are never more than three full-sized toes 
on each limb, and they end in hoof-like nails. They are never 
plantigrade, but unguligrade, or digitigrade. 

A very large number of animals, as cats, dogs, tigers, and most 
camivora, walk on their toes (digitigrade) ; but bears may be seen 
to have five toes of equal length, and to walk on the flat of the 
foot — that is, they bring the heel to the ground, which makes them 
bad walkers but good climbers. 

Tigers and cats can at will either show or hide their claws. 
When their claws are hidden, the ungual phalanx with the attached 
claw is bent backwards and on to the outer side of the second 
phalanx by a strong elastic ligament. 

When these animals wish to scratch or climb they set in action 
the flexor longus digitorum, which flexes the ungual phalanx and 
brings down with it the claw. Examine this beautiful arrange- 
ment in the digit of a lion, in the comparative anatomy of the 
soft parts in the College of Surgeons' Museum (No. 287 A). 

Bears have not this power ; hence their claws are always visible, 
and rattle on the ground as they walk. 

Compare the foot of the tiger with that of the grizzly bear. 
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Interosseous Muscles of the Foot. 

Plan of ArraacMnent. — ^The interosseous muscles in the 
foot (Plate XXXVU.) are arranged very much like those in the 
hand. They are seven in number ; four on the dorsal surface and 
three on the plantar. Observe that the dorsal arise from the 
opposite sides of the metatarsal bones, and are inserted into the 
first phalanges of the second, third, and fourth toes, so that they 
draw the toes from a line corresponding to the axis of the second 
toe. It should be remembered that, in the case of the hand, this 
line corresponds to -the axis of the middle finger. 

The plantar belong to the three outer toes ; each arises fitwa 
one metatarsal bone, and is inserted into the first phalanx of the 
same toe on the inner side of its base, so that they draw totcards 
the above-mentioned line. 
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THE THORAX. 

(PLikTBS XXXIX. TO XUI.) 

Oeneral Desortption. — ^The thorax is the framework which 
-contains the heart and lungs. The ribs, with their cartilages, 
describe a series of arcs, successively increasing in length as far as 
the seventh, and form, with the spine and sternum, a barrel of a 
somewhat conical shape, much broader from side to side than 
from before backwards. The lower aperture or base of the 
•cavity is open in the skeleton, but closed in the recent subject by 
a thin flat muscle, called the * diaphragm,' which separates the 
chest from the abdomen, and has openings for the passage of the 
alimentary canal and the great blood-vessels. This muscular 
partition is not flat but arched, so that it forms a vaulted floor 
for the chest. By alternately felling and rising, it increases and 
diminishes the capacity of the chest. The spaces between the 
ribs are filled by the intercostal muscles. In each space there 
are two layers which cross like the letter X : the outer layer runs 
downwards and forwards : the inner, upwards and forwards. 

Such, in outline, is the fitimework of the chest. Its walls are 
made up of diflterent structures — ^bones, cartilages, and muscles, 
which by their union answer two apparently incompatible pur- 
poses. By their solidity and elasticity they protect the important 
organs contained in the chest ; and by alternately dilating and 
contracting, serve as the mechanical agents of respiration. They 
enlarge the cavity of the chest in three directions : in height, by 
the descent of the diaphragm ; in width, by the turning outwards 
of the ribs ; in depth, by the raising of the sternum. 
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THE STERNUM. 
(Plate XXXIX.) 

Position. — The sternum {aripvovy the breast) is a long flat 
bone, situated in front of the chest, and supports the ribs and 
the clavicles. In the adult male, it is from six to seven inches 
long : rather less in the female. Observe that its direction is not 
perpendicular, but that it slants forwards, and thus makes mor& 
room for the heart and lungs. It is much broader and thicker at 
the upper end (manubrium), where it supports the clavicles. The 
sternum was compared by the ancients to a sword ; the broad part 
was called * manubrium,' the middle part * mucro,' and the car- 
tilage at the end the * xiphoid' or * ensiform' cartilage. 

Transverse Xiines and Kanubriom. — We notice upon the 
sternum four faintly-marked transverse lines, which are traces of 
the original division of the bone into five pieces. The most con- 
spicuous of these lines corresponds with the insertion of the 
second costal cartilage ; that is, at the jimction of the manubrium 
with the second piece. This line, easily felt in the living 
subject, has the second costal cartilage at each end of it. The 
* manubrium ' or ' presternum ' has a notch on the top (inter- 
clavicular notch), on either side of which is an oblong articular 
surface for the clavicle. In the dry bone, this surface is 
flat ; but in the recent state, the incrusting cartilage makes it 
somewhat saddle-shaped ; that is, concavo-convex. This kind of 
joint permits the clavicle to rotate nearly as freely as the thumb 
does on the trapezium. The end of the clavicle is much larger 
than the surface on which it rotates, yet dislocation of it is exceed- 
ingly rare, owing to the great strength of the ligaments. To 
break the clavicle is much easier than to dislocate it. 

Kesostemum and avotches. — Each border of the middle 
division of the sternum ('mesosternum') has six notches in it, 
which receive the cartilages of six of the true ribs. All the- 
notches, except that for the first rib, are situated where the 
original pieces of the bone unite. In some instances there is a 
hole in its lower part. 
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Gartllaflre. — The ensiform cartilage (or ^xiphi- 
stemum ') at the lower end of the sternum generally remains im- 
ossified, even at a great age. Its length and shape vary much 
in different persons. Sometimes it is bent forwards, or, it may 
be, backwards, and this especially in workmen who hold tools 
against the pit of their stomach. Occasionally it is forked at the 
end. It gives attachment to a narrow aponeurotic band, termed 
the ^linea alba,' which descends along the middle line of the 
abdomen to the symphysis pubis, and is the fibrous continuation 
of the sternum. 

The anterior surface of the sternum gives origin to the * stemo- 
mastoid ' and the * pectoralis major.' The posterior surface gives^ 
origin to the * stemo-hyoid ' and * stemo-thyroid ' and to the * trian- 
gularis stemi.' The posterior surface of the ensiform cartilage 
gives origin to the * diaphragm.' 

Ossification. — Until the middle of foetal life, the stemiun 
is entirely cartilaginous. It is ossified from five centres,^^ 
not simultaneously, but successively from above downwards,, 
opposite the intercostal spaces. The five bones, thus formed, 
ultimately coalesce, the lower first, and so on upwards — the 
reverse of the order in which they were ossified. Thus the 
fifth unites to the fourth about puberty ; the fourth to the third 
about the age of twenty or twenty-five ; the third to the second 
about thirty-five or forty ; the second rarely unites to the first, or, 
if so, only in advanced age ; and even then there is only a thin 
layer of bone externally ; the cartilage in the centre still remains. 
The first and second bones of the sternum remain xmunited on 
account of a certain amount of motion between them during^ 
respiration. In some subjects the line of articulation is very per- 
ceptible through the skin, more especially in persons]|emaciated 
by disease. It corresponds with the middle of the second costal 
cartilage. 

Gomparative Osteology. — Contrast the broad chest of man 
with that of the ourang outan (No. 5050) and that of the chim- 
panzee (Nos. 5082-5083 A and B). In the adult gorilla the parts 
of the sternum, which in us are united, are seen to remain 
separate. 
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In the Separate Series, as well as in the two complete skeletons 
in the Normal Human Osteological Series, examine the sternum 
of the Bushman and you will see that the manubrium stexni is 
firmly united to the gladiolus, and there is little or no trace of 
the original separations between the pieces of which the sternum 
is composed. 

Most flying animals support themselves in the air by the action 
of their peetoralis major muscle on the upper extremity, and 
therefore this muscle is large in proportion with the flying 
capability. The surface of origin in such animals is increased by 
the development of a great keel down the middle of the sternum, 
which may be seen in any of the flying birds (Carinate), for in- 
stance, in the great bustard (No. 1349), as well as in the extinct 
flying lizards (Pterosauria, No. A 119, Pal. Ser. Mus. Roy. ColL 
Surg.). This keel is absent in the non-flying birds, such as the 
ostrich (No. 1362), the extinct dinomis (No. 1588 A, PaL Ser. 
Roy. Coll. Mus. Surg.), the apteryx (Nos. 1355 and 1356 E), 
showing that this keel exists for the function of flight and not as 
a class character of aves. 

Among the variations which the sternum undergoes perhaps 
the most curious is that in the male wild swan and guinea-fowl 
(see Nos. 1248 B, 1249 A, B, C), where it will be seen to be tun- 
nelled extensively, and to contain a long tortuous trachea as well 
as the inferior larynx. 

The front part of the case of the turtle is formed by the 
expanded sternum, while the back part is formed by the consoli- 
dation of the ribs and expansion of the spines of the dorsal ver- 
tebrae (No. 961 A, snapping turtle). 

In snakes (Ophidia) there is neither a sternum nor a pectoral 
arch (No. 629), and there is no trace of a fore limb. 

There is no sternum either in ichthyosauria or plesiosauria 
(Nos. 172 and 222 Palneontological Series, Mus. Roy. Coll. Surg.). 
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THE BIBS. 
(Platb XXXIX.) 

ITumber and DlTlsion. — ^There are twelve ribs on each side ; 
the upper seven, the * sternal/ or * true ribs,' increase in length 
firom the first, and are fixed to the sternum by their cartilages. 
The lower five, or * false ribs,' decrease in length fi-om above down- 
awards, and their cartilages fall short of the sternum. The carti- 
lages of the eighth, ninth, and tenth ribs are connected to that of 
the seventh. The eleventh and twelfth are fi-ee, and are therefore 
called * floating ribs.' One sometimes, though rarely, meets with 
skeletons with thirteen ribs, the. thirteenth being a lumbar rib 
This is a retrocession. The chimpanzee has thirteen ribs, but the 
tsame number of vertebrae as man. 

OeneralCliaraoterB of a &ib. — As an example of the general 
•characters of a rib, take the fifth or sixth. In the first place, 
observe that the curve is not uniform. It is more curved towards 
the vertebral end than elsewhere. Besides which, if laid on a 
table, the vertebral end will rise. It is plain in the skeleton that 
the vertebral ends of the ribs are higher than the sternal ends. 
If both ends had been on the same level, the sternum could not 
have been raised /ort(;ar(fo in inspiration. 

Vertebral Bnd. — The vertebral end or * head ' (Plate XXXIX. 
fig. -3) has two oblique surfaces (with an intervening ridge, to 
which the interarticular ligament is attached), which articulate 
vrith the sides of the bodies of two contiguous vertebrae. The 
lower of these two surfaces is always the larger. The head of the 
rib is the fulcrum upon which the rib moves. It is wedged in 
between two vertebrae, and is less liable to be dislocated than if 
supported by one only ; and, moreover, it has the benefit of the 
elasticity of the intervening fibro-cartilage. This, as Paley observes, 
is * the very contrivance employed in the famous iron bridge at 
Bishop's Wearmouth.' 

p 
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ITeok. — Next to the head comes the * neck ' of the rib. This 

is smooth in front, where it is covered by pleura, but rough behind, 

p^^ gg where is attached a ligament (middle 

costo-transverse) connecting it to the 
transverse process by which the rib \b 
supported, as seen in the adjoining 
figure ; again, the neck has a ridge along 
its upper surface to which is attached 
a second ligament (superior costo-trans* 
DOBSAL YKBTBBSA WITH BIBS vcrsc) ; this conuccts it to the transverse 

process above it. 
Taberole. — ^External to the neck is the ^ tubercle.' It has a 
little facet which looks domnwarda and articulates with the trans- 
verse process supporting the rib ; in front and rather above the 
£Eu;et is the rougher part of the tubercle which gives attachment 
to a third ligament connecting the rib to the transverse process 
(posterior costo-transverse). 

Angrlo. — ^External to the tubercle, the rib makes a curve for*- 
wards, forming the * angle.' Here there is a prominent line which 
runs obliquely downwards and forwards, and indicates the attach- 
ment of muscles, which form the outer border of the * erector 
spinse.' Observe that the distance between the angle and the tu- 
bercle increases as we trace the ribs downwards, and makes room 
for the great muscle of the spine (erector spinse). It is near the angle 
that the rib breaks when the chest is compressed, for instance, in 
a crowd. In this kind of fracture — i.e. by indirect violence — the 
broken ends project outwards, and are therefore less liable to injure 
the pleura. But in direct violence — e.g. a kick by a horse — the rib 
breaks where it is struck, the broken ends are driven inwards, and 
consequently are more liable to injure the pleura. 

Sbaft. — The rest of the rib arching forwards from the angle 
along the side of the chest is called the * shaft.' It is flattened 
from above downwards, like a bow. On its inner surface, near the 
lower border, is a deep groove for the intercostal vessels and 
nerve. Observe, the groove does not extend the whole length of 
the rib : it begins about the angle, and is gradually lost before 
we come to the anterior end. The vessels and nerves are safe 
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where they lie in the groove ; but between the angle of the rib 
and the spine, and again in front of the chest, they are liable to 
be injured through the intercostal spaces. In consequence of- this 
groove, the lower edge of the rib is much thinner than the upper, 
which is thick and rounded. In the groove itself are the orifices 
of the numerous canals which transmit blood-vessels into the in- 
terior of the rib. The ribs are the most vascular bones in the 
body : hence the rapidity with which they unite after a fracture. 

Anterior Bud. — liespecting the anterior end, remark that it 
is rough, and a little excavated to receive the costal cartilage. 

&iflrl&t or &eltT — A rib will be in the same position as the 
corresponding one in the student's body if he hold the convex sur- 
fjBwe outwards, the head backwards, and the groove downwards. In 
distinguishing right from left ribs it should be borne in mind 
that the Articular facet for the transverse process looks downwards 
in every case. 

Peonliarittes of oertain &ibB. — ^The first, second, tenth, 
eleventh, and twelfth ribs have peculiarities requiring separate 
notice. 

FlrBt &ib. — The plane of the first rib is nearly horizontal. It 
is the shortest, the most curved, the flattest and broadest of all. Its 
head has a single articular surface which rests on the first dorsal 
vertebra. It has the largest tubercle, and this is well supported by 
the strong transverse process of the first dorsal vertebra. There is 
scarcely a trace of angle. On its upper surface we may see in a 
well-marked bone two slight transverse grooves about the breadth 
of a finger ; the subclavian artery lies in the posterior groove as 
it crosses the rib, the vein passes along the anterior. Against 
this surface the subclavian artery may be eflfectually compressed. 
The grooves are separated on the inner border of the rib by a 
* tubercle ' denoting the insertion of the * scalenus anticus.' Be- 
hind this is the rough surface for the insertion of the ^ scalenus 
medius.' Lastly, there is no groove for the intercostal artery. 

It is an interesting fact, that the compact tissue forming the 
concave margin of the first rib is very much thicker than that on 
the convex side. The first rib is the strongest of all : it has to 
support the manubrium stemi and the clavicles, and to protect all 

P3 
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the important parts at the base of the neck. The first rib is veiy 
rarely fractured, being so well protected by the clavicle ; but when 
it does happen it is a most serious accident, because it is the 
starting point of all the other ribs in respiration, and because 
there are so many important vessels and nerves in relation with it. 
Second &lb. — ^The second rib has little or no angle, no twist 
oh its axis, and has, near the middle of its outer surfiu^, a rough 
eminence for the origin of the second and third digitations of the 
serratus magnus. It has a short groove for the intercostal artery. 
Tentb atb.^The t^nth rib has a single ^ facet ' on the head, 
for the tenth dorsal vertebra. 

xneventli and Twelfth aibs.— -Tlie eleventh and twelfth ribs 
being shorter and less perfectly developed, are chiefly distinguished 
by their negative characters. Each articulates with only one ver- 
tebra, so that the head has only one facet, does not touch the 
transverse process, and has no tubercle. Each is tipped with 
cartilage. The eleventh has a trace of an angle and a groove. 
In the twelfth, angle and groove are imperceptible. 

Oaalfl cation. — Ossification in the ribs begins about the 
seventh week of foetal life. Tliere is one * primary ' centre for 
the body, an epiphysis for the head, and another for the tubercle. 
The epiphyses appear from the fifteenth to the eighteenth year, 
and unite with the rest of the bone about the age of maturity. 

Costal Cartllagres. — Respecting the costal cartilages, re- 
member that the first seven are connected with the sternum. The 
first cartilage is united directly with the manubrium. The others, 
from the second to the seventh inclusive, are articulated to the 
sternum with the intervention of synovial membranes which dis- 
appear in old age. The cartilages of the eighth, ninth, and tenth 
ribs are gradually bevelled off, and each joins the costal cartilage 
immediately above it. Moreover, synovial membranes exist be- 
tween these last-mentioned ribs. The last two costal cartilages 
do not join those above, but merely cap the eleventh and twelfth 
ribs. These numerous little articulations, connected with the 
cartilages, much facilitate the respiratory movements of the thorax. 
The costal cartilages increase in length from above, and allow 
the requisite play of the ribs in respiration. Their great elasticity 
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answers two purposes. 1. They act as mechanical agents of expi- 
ration by depressing the ribs after they have been raised by mus- 
cular action. 2. A blow on the sternum is distributed over four- 
teen elastic arches ! One can understand, then, why the chest is 
able to bear such tremendous blows with impunity ; more especially 
during a full inspiration. During expiration the bones are less 
able to resist injury, because the muscles are not acting. Notwith- 
standing these beautiful provisions, the sternum is sometimes 
broken, especially "when the cartilages of the ribs are ossified. 
Dupuytren mentions the case of a fireman whose stemiun was 
broken by the fall of a piece of timber. The man was carried 
away, supposed to be dead. Coming up accidentally, Dupuytren 
replaced the sternum, and the man recovered. 

Thorax aji a whole. — In addition to'what has been said of 
the thorax at p. 205, attention should be directed to one or two 
points which might otherwisebe overlooked. 1 . The greatnarrowness 
of the upper opening of the chest. In an adult of average size, it 
measures about 2 inches from before backwards, and 3^ inches trans- 
versely. Yet in this seemingly narrow space there is room for the 
trachea, the oesophagus, the great blood-vessels and nerves at the 
root of the neck, besides the apex of each lung, and three muscles 
on each side. 2. Notice how much the ribs slope in subserviency 
to the mechanism of respiration. Their sternal and vertebral 
ends are not in the same horizontal plane ; for instance, the 
sternal end of the third rib is not on a level with the third 
dorsal vertebra, but, roughly speaking, with the sixth. 3. Notice 
how much additional space is gained posteriorly (for the lungs) by 
the backward projection of the ribs. 4. Notice that the lower 
margin of the thorax is represented by a line sloping from the end 
of the sternum downwards and backwards to the last rib. 5. Notice 
that the intercostal spaces are widest where the ribs unite to their 
cartilages ; and narrowest where the ribs join the spine. 

Keohanism of Inspiration. — It is proposed to explain now 
how the chest is enlarged in the transverse and in the antero- 
posterior direction by the elevation of the ribs. 

The spine is fixed, and serves as a fulcrum for the ribs, which 
are the levers. 
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At the moment of inspiration, the ribs, which you must 
remember are oblique, are raised by the intercostal muscles. 
The centre of motion being at tJbe spine, it is plain that the 
more nearly the ribs become horizontal, the greater will be the 

distance between the spine and the sternum. 
Thus, let the line V V, in fig. 56, represent 
the spine; the line S S the sternum ; a, 6, ^ 
three ribs in their oblique position; and 
a', h\ c , the same ribs elevated. It is 
obvious that by raising the ribs we increase 
at the same time the antero-posterior dia- 
meter of the chest ; or, in other words, 
we increase the distance between the spine 
V V and the sternum S S. 

The same diagram proves that, when 
the ribs are raised, the intercostal spaces 
are widened; that is, a perpendicular 
let fall between two ribs is longer when 
the ribs are raised than when they are de- 
pressed. 

Now, when the ribs rise, they describe a rotatory movement 
Fio, 57. around an imaginary axis, as shown 

at A B, fig. 57, which unites their 

tk B vertebral and sternal ends. In 

Vn. ^y'^^ consequence of this rotation on its 

V ^^-^ -:z :z^^^^^^^^ ends, the external surface of the rib, 

which looks downwards and out- 
wards when at rest, looks directly outwards when raised. Thus 
the tran8ve)*8e diameter of the chest is increased. 

If the ribs were all of the same length, as in fig. 56, the 
projection of the sternum, caused by their elevation, would be equal 
all the way down. But since the lower sternal ribs are longer 
than the upper, it follows that the sternum is projected in 
inspiration more and more towards its lower end. 

The ribs are raised by the external intercostal muscles (which 
run obliquely downwards and forwards); they are depressed by 
the internal intercostal muscles (which run obliquely upwards and 
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forwards). These fects are rendered probable (if not absolutely 
proved) by the following diagram : 

Let V V repre- Fio. 68. 

fient the spine, 1' 2' 
two ribs in a state 
of obliquity or rest, 
and a' a fibre of an 
external intercostal 
muscle. Now, when 
the fibre a' contracts, 
it shortens itself: but 
this shortening cannot 
take place unless the ^ 
ribs are at the same 
time brought more 
into the horizontal 
line, as shown at 1, 2; 

in other words, unless they are raised; therefore the external 
intercostal muscles are mapiratory muscles. 

The same kind of demonstration proves that the internal 
intercostal muscles depress the ribs, and are therefore expircUory 
muscles. For let 6 be a fibre of an internal intercostal muscle 
extended between the ribs 3 and 4 in a state of elevation, it is 
easy to see that, when the fibre b contracts or shortens itself, 
it cannot do so without bringing the ribs into a more oblique 
position, as shown at 3' and 4'. That the fibre V must be shorter 
than the fibre 6 may be proved by a pair of compasses. 

ComparatlTe Osteology. — It is curious that the goriUa and 
chimpanzee have each 13 pairs of ribs. So that man in his descent 
from his pretended ancestors must have lost a rib, for he (like the 
man of the woods, orang utan) has only 12. 

In mammalia the number of ribs on each side ranges from 
9 in the bottle-nosed whale (Hyperoodon, No. 2479), to 24 in the 
two-toed sloth (No. 2387 A). The horse and tapir have 18 pairs 
each, and the elephant 19. 

The ribs of the manatee (No. 2647 A) are extraordinarily 
thick, broad, and massive. 
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In whales some of the posterior ribs are attached only to the 
transverse processes of the vertebrae. Commonly in mammalia 
about 6 ribs articulate with the sternum by cartilage or bone, but 
in whales the number so attached is much smaller, in the whale- 
bone whale there being only one pair of true ribs. 

This freedom of action aUows the great play of the respiratory 
apparatus in cetacea. . 

Some animals have the costal cartilages ossified, forming sternal 
ribs, as in the giraflfe, crocodile, ox, porpoise, and dolphin ; in 
many there is an intermediate rib, or shaft of bone, set in between 
the sternal and vertebral ribs (see Nilotic crocodile. No. 717 D, 
and monotremata. No. 1698). 

The ribs are mostly used solely for respiration throughout the 
animal kingdom,. In addition to this the snakes use the tips of 
them to walk upon, and the flying lizard (Draco volans. No. 673) 
has the 5 posterior ribs so recurvated and elongated as to form 
the bony skeleton of the membranous sail by which he supports 
himself in his flight from tree to tree. 

The middle part of the ribs in birds (see gri£Bn vulture. No. 
1674) presents a long flat process which projects backwards and 
rests on the rib below. These are called uncinate processes. 

There are no processes in mammalia corresponding to the 
uncinate processes in birds. They are, however, seen in alligators 
(No. 760 A). 

Sharks and rays have no ribs. What appear to be ribs in the 
Porbeagle shark (No. 419 A) are simply the supports of the gills, 
as may be understood by a reference to the skeleton of the cod- 
fish (No. 147 A), which has 17 pairs of ribs. The Alausa tyrannus 
(No. 39 A) has not only many ribs, but a good sternum. 

Examine the great Nilotic crocodile (No. 717 D), and you will 
see that an anterior and a posterior bar forming the transverse 
processes of the cervical vertebrae correspond to the two processes 
which in the dorsal vertebrae support respectively the head and 
the tubercle of the rib. In its middle and posterior dorsal regions 
the end of a transverse process supports both the head and the 
tubercle of the rib. There will be seen also what are called inter- 
mediate ribs, i.e. a piece of bone between the end of the rib and 
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the costal cartilage or sternal rib. Some of the ribs are famished 
with uncinate processes as in birds ; but this is better seen in the 
alligator (No. 760 A). Seven pairs of false ribs are developed as 
superficial ossifications of the lineae transverssB in the abdominal 
wall (see also No. 711 A). 

The extinct flying lizards, Pterosauria (No. 119 A), had splint- 
like sternal, as well as abdominal, ribs. 

In Ophidia (No. 630) the ribs articulate only with the ends of 
transverse processes. 
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MUSCLES OF THE BACK. 

(Platbs XUL to XLVU.) 

In the description of the muscles of the back the more superficial 
muscles, connected with the arm, will be first considered* These 
removed, the great muscles of the spine, which fill up the vertebral 
grooves, and keep the body erect, are exposed. Lastly, there is 
the mass of muscles at the back of the neck attached to the 
occipital bone. 



Trapezius 



THE SUPEBFICIAL MUSCLES OF THE BACK. 

These are shown in Plate XLII. The most superficial is the 
* trapezius,' a triangular muscle of which the limits are defined by 
the continuous dark line. The other wide-spreading superficial 
muscle is the ^latissimus dorsi.' Under the trapezius we have 
the * rhomboidei ' and the ' levator anguli scapulae ' shown in 
Plate XLIV. 

0. Occiput; ligamentum nuchae: spines of all the 
dorsal vertebne. 

1. Spine of scapula; acromion, acromial third of 
clavicle. 

' 0. Crest of the ilium. Spines of all the lumbar, 
and six lower dorsal vertebrae, and by digita- 
tions from the three lower ribs. 
I. Bottom of bicipital groove of humerus. 

0. Spines of last cervical and five upper dorsal 
vertebrae. 

1. Posterior border of scapula. 

0. Transverse processes (posterior tubercles) of 
four upper cervical vertebrae. 

1. Upper angle of scapula. 

When the preceding muscles are removed, there still remain 
the * serratus posticus superior' and * inferior.* These belong not 
to the arm, but to the ribs. 



Latissimus dorsi 



Khomboideus (major and minor) 



Levator anguli scapulae 
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The ' intertransversales ' pass between the transverse processes^ 
of contiguous vertebrse, the ' interspinales ' between the spinous 
processes beginning at the axis. Both these sets are ill developed 
and mostly tendinous in the dorsal region. 

The ' transverso-spinalis ' is the mass which fills up the space 
between the transverse and spinous processes of the vertebraB. It 
arises from transverse, and is inserted into spinous processes. 
Therefore its direction is oblique. It is composed of several 
bundles. The more superficial pass over many vertebrae; the 
deeper over one or two ; the deepest nm from vertebra to vertebra. 
The * transverso-spinalis ' comprises the * semi-spinalis-dorsi,' * semi- 
spinalis colli,' ' multifidus spinas,' and ' rotatores spinas ' of sys- 
tematic authors. 

The * levatores costarum ' arise from the transverse processes^ 
and are inserted into the ribs below them. 



MUSCLES OF THE BACK OF THE NECK. 

(Plate XLV.) 

A separate group is made of these, because they specially 
maint^xin the head erect, and move the first upon the second 
vertebra. The * trapezius ' being reflected, the * splenius ' is ex- 
posed, and beneath that the ' complexus.' 



Splenius capitis et colli 



Complexus 



0. Spines of four cervical and six dorsal yertebne. 

1. Mastoid process and occipital bone; transrerae 

procetses of four upper cervical vertebrae. 
0. Transverse processes of six dorsal and articular 

processes of four cervical vertebrjB, 
,1. Occipital bone. 



The above muscles being reflected, we expose the muscles of 
the atlas and axis ; namely, the ' rectus capitis posticus major ' 
and * minor,' ' the obliquus superior ' and * inferior,' and the * rectus- 
capitis lateralis.' 



Occipital bone 
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^ . ( 0. Spine of the axis. 

RectuB capitis posticus major . | j Qccipitol bone. 

^ ^ .^. ^. ( O. Spioe of the atlas. 

Bectns capitis posticus minor . J _ ^^ . .^ , , 

^ '^ \1, Occipital bone. 

Tk ^ '^' t ^ ^' (0. Transrerse process of atlas. 

Hectiis capitis lateralis . . J t x i • i. • -^ i v 

^ 1 1. Jugular eminence of occipital bone. 

^,,. ( O. Transverse process of atlas. 

Obbquus superior . . .jj Occipital bone. 

Obliquus inferior . . ( 0. Spine of the axis. 

(I. Transverse process of atlas. 



MUSCLES IN FRONT OF THE SPINE. 

(PuLTBS XL VI. and XLVII.) 

There are three pre-vertebral muscles in the cervical region ; 
namely, the ' rectus capitis anticus major ' and ^ minor/ and the 
* longus colli.' In the lumbar region are the right and left crura 
of the ^ diaphragm/ the ^ psoas magnus,' and occasionally a 
^ psoas parvus.' 

10. Transverse processes of third, fourth, fifth, and 
sixth cervical vertebrae. 
L Basilar process. 

x» A •4.- *• '^. ( 0. Transverse process of atlas. 

Bectus capitis anticus minor . -^ , ^ ., ^ 

(I. Basilar process. 

The * longus colli ' consists of a longitudinal and an oblique 
portion. The longitudirial part arises from the bodies of the 
three upper dorsal and two lower cervical vertebrae, and is inserted 
into the bodies of the second, third, and fourth cervical vertebrae. 
The oblique part arises from the transverse processes of the third, 
fourth, and fifth cervical vertebrae, and is inserted into ihe tubercle 
of the atlas. Other oblique fibres arise from the bodies of the three 
upper dorsal vertebrae, and are inserted into the transverse process 
of the fifth cervical vertebra. 



Diaphragm 



0. Bight crus from four lumbar vertebne, left from 

three. 
J. Central tendon. 

(0. Bodies and transverse processes of all the lumbar 
vertebrae. 
I. Trochanter minor. 
(0. Body of last dorsal vertebra. 
Psoas parvus. . . -(i. Brim of pelvis. 
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BONES OF THE UPPER EXTREMITY. 

Component Bones. — ^The bones of the upper extremity con- 
sist of the * clavicle,' the * scapula/ the * humerus,' the two bonea 
of the fore-arm, namely, the ' radius ' and the ' ulna,' the bones 
of the carpus, the metacarpus, and the phalanges of the fingers. 
The clavicles and scapulae form the * shoulder girdle* or * pectoral 
arch.' The length of the arm should be in exact proportion to 
the height of the individuaL If the arms are fully stretched in 
the same horizontal line, the space from the end of the middle 
finger of one hand to that of the other is about equal to the length 
of the body. 



THE CLAVICLE. 
(Plates XLVin., XLIX.) 



Position and Use. — The clavicle, or collar bone, so named 
fi-om its resemblance to an ancient key, extends nearly horizontally 
firom the upper part of the stemimi to the scapula. It keeps the 
shoulders wide apart, giving the arm a fi-eer range of motion ; 
affords attachment to powerful muscles ; and protects the axil- 
lary vessels and nerves. By moving the shoulder, you find 
that the clavicle acts as a prop, the fixed end of the prop being at 
the sternal joint. Hence, in firactures of the clavicle, the shoulder 
generally falls a little forwards. The patient leans his head 
towards the injured arm so as to relax the muscles, and support* 
the elbow in his hand. 

Advantagre of its Ourves. — The shape of the clavicle is 
like an italic S. It has two curves, arranged so that, viewed fi-om 
the front, the sternal or inner half is convex, and the acromial 
or outer half concave. The sternal curve is the larger of thfr 
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two. The great vessels and nerves of the arm pass under it* 
About the junction of the two curves the bone is most fre« 
quently broken. These curves not only make the bone stronger 
than if it were straight, but better able to resist shocks ; since, by 
virtue of its elasticity, the force is partially broken at each of the 
curves (p. 6). The strength and degree of curvature vary con- 
siderably in different bones. They are usually greater in men 
than in women, and most marked in those persons who do much 
manual labour. 

Sbalt. — ^The shaft of the clavicle bears the impressions of the 
muscles attached to it. On its upper surface, at the sternal curve, 
are the origins of the ^pectoralis major' and * stemo-cleido« 
mastoid,' and on the acromial curve, the origin of the * deltoid ' 
and the insertion of the ^ trapezius.' On its under surface are — 

1, a longitudinal groove for the insertion of the * subclavius ; ' 

2, a rough surface near the sternal end for the attachment of the 

* costo-clavicular ' (or rhomboid) ligament ; 3, near the acromial end, 
a tubercle and a ridge for the attachment of the * conoid ' and 

* trapezoid ' ligaments (coraco-clavicular) : the ridge is about one 
inch from the scapular end — here fiwjtures of the bone are likely 
to escape notice, in consequence of the ligaments preventing the 
separation of the fractured ends ; 4, near the middle is a foramen 
for the nutrient artery of the interior. 

Sternal Bnd. — ^The sternal end of the clavicle is thick, 
strong, and expanded. It is oblong from before backwards, and 
articulates, through the medium of an interarticular fibro-carti-> 
lage, with the sternum. In the recent state, when crusted with 
cartilage, the articular surface is slightly convex from above 
downwards, and concave from before backwards ; and, moreover, 
its circumference projects on all sides considerably beyond the 
articular surface of the sternum, to which it is so firmly attached 
by its ligaments that dislocation is very rare, notwithstanding the 
small size of the articular surface of the sternum. A fracture of the 
clavicle is ten times more common than a dislocation of its sternal 
end. Part of the * stemo-hyoid ' muscle arises from this ex- 
tremity of the clavicle a little internal and posterior to the rough 
gur&ce for the rhomboid ligament. At the point where the clavicle 
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<!ome8 into friction with the cartilage of the first rib, there is often 
a distinct impression, a sort of improvised articulation blending 
with the articular surface for the stemmn. 

jLoromial Bnd. — ^The acromial end is broad and flattened, 
and presents an oblong surface, which looks forwards and slants a 
little inwards, to articulate with the inner border of the acromion. 
The plane of this articulation is such that it is very difficult to 
keep the clavicle in its proper place after a dislocation. 

Like all the long bones, its structure is spongy at the extre- 
mities, but very compact in the middle of the shaft, where there is 
a small medullary cavity. The compact wall is much thicker on 
the concave side of each of its curves than elsewhere. 

Oonneotions. — The clavicle articulates with the acromion 
process of the scapula, and with the top of the sternum. 

Osaifloation. — ^The clavicle begins to ossify about the sixth 
week of foetal life, that is, sooner than any other bone in the 
body. It has only one centre of ossification for the shaft. The 
«temal end has an epiphysis which makes its appearance from the 
eighteenth to the twentieth year, and subsequently coalesces with 
the shaft. 

&igrht or Zieft T — ^The bone will be in the same position as 
the corresponding one in the student's body if he hold the smooth 
surface upwards ; the flat acromial end outwards ; and the convex 
side of the sternal end forwards. 

Comparative Osteologry. — All Primates have clavicles to 
which they owe the breadth of their shoulders. In the Cami- 
vora the clavicles do not articulate with any bone, but are simply 
suspended in the muscles, and are always more or less rudimentary 
(see Felis leo, No. 4475). Bears seldom have clavicles. 

There is no clavicle in the elephant (No. 2654), or Hyrax capen- 
sis (No. 3115 C). The three sub-orders of Ungulata have no cla- 
vicles, i.e. Pachydermata, Ruminantia, Solidungula, as the horse 
and ox. The same is true of all Cetacea, Sirenia and Crocodilia. 

The majority of birds have clavicles the strength of which 
bears a direct relation to the powers of flight. They are early 
anchylosed together in the middle line, and form a single bone 
called the furculum or merrythought. The chief action of this 
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'elastic arch of bone would appear to be to counteract the great 
pectoral muscles which tend to press the humeri inwards during 
the downward stroke of the wing. The apteryx and some parrots 
lave no clavicles. 



THE SCAPULA. 
(Platrs XLVUL, XLIX.) 

PoBition and Vse. — ^The scapula, or shoulder-blade, is placed 
at the back of the chest. When the arm hangs loosely by the side, 
the scapula ought to extend from the first rib to about the lower 
•edge of the seventh, and the lower angle should be a little further 
tom the spine than the upper. The inferior angle of the scapula 
is a good guide to the seventh rib. During life this angle is held 
•down by the upper border of the * latissimus dorsi,' and sometimes 
;gives origin to some of its fibres. In emaciated persons the 
jielding of this muscle allows the lower end of the scapula to 
project very perceptibly. 

The scapula acts as a movable fulcrum in the motions of the 
arm, and gives extensive attachment to the muscles which eflFect 
the movement. It is a flat triangular bone, and so thin in places 
as to be translucent. We have to examine its two surfaces, its 
t!hree borders and angles, and its outstanding processes. 

Outer Surfietoe. — ^The ^ outer surface * of the scapula (^ dorsum 
^capulce ') is slightly convex, and divided into two unequal parts 
by a very prominent ridge of bone, termed the * spine.' The part 
above the spine is called the supra-spinous fossa, and gives origin 
ix) the * supra-spinatus ' muscle ; that below the spine is called the 
infira-spinous fossa, and gives origin to the * infra-spinatus.' Near 
the axillary border are distinct impressions, indicating the origins 
of the * teres major ' and * minor ' muscles. It is generally marked 
by the impressions of the * arteria doracdis scapulceJ 

Spine and Acromion* — The ^ spine* of the scapula commences 
at the posterior border of the bone by a smooth triangular surface 
over which the tendon of the trapezius plays. From this the spine 

Q 
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can be plainly felt in the living subject as it rises into a high crest,, 
which runs towards the neck of the scapula, where it stands out 
from the rest of the bone, and suddenly altering its direction at a 
right angle, projects forwards so as to form a lofty arch overhanging 
the * glenoid cavity.' This arch is termed the * acromion ' {aKpo9 
&fios). It protects the shoulder joint and gives great leverage to 
the powerful * deltoid ' which raises the arm. It is not only a 
defence, but prevents luxation upwards : without this the head 
of the humerus would not remain a moment in its socket. It is 
this process which gives breadth to the shoulder. On the inner 
border of the acromion is the surface which articulates with the 
clavicle ; this surface slants from above inwards, so that the clavicle^ 
once dislocated, is with difficulty kept in its place. The end of 
the acromion gives attachment to the coraco-acromial ligament,, 
which bridges over the gap left in the bone between it and the- 
coracoid process, and thus completes the arch for the shoulder.. 
Through this coraco-acromial ligament we pass the point of the 
knife, in excising the head of the hiunerus, and thus reach the 
shoulder-joint in a moment. Eeverting to the spine, we observe 
that it has thick rough borders ; above, for the insertion of the- 
* trapezius,' and below, for the origin of the * deltoid.' 

Zniier Surfaoe. — ^The * inner surface ' of the scapula is concave^ 
and called the * subscapular fossa.' It gives origin to the ^ sub- 
scapularis,' and presents three or four slanting ridges for the attach- 
ment of the tendinous septa by which this muscle is intersected^ 
The hollows between these ridges were mistaken, even by the 
great anatomist Vesalius, for the impressions of the ribs. On this 
surface also observe the insertion of the ' serratus magnus,' 
chiefly into the rough surfaces on the superior and inferior angles^ 
but also into a very narrow tract along the posterior border. 

Olenoid Cavity* — The ' anterior angle ' of the scapula is the 
strongest part of the bone, and here is the ' glenoid canty ' for 
the articulation of the head of the humerus. This cavity is very 
shallow, of an oval form, with the larger end downwards, and 
the long diameter vertical ; it looks directly outwards and a trifle 
forwards, giving the arm an extensive range of motion. Its mar- 
gins are rather prominent and rough, for the attachment of a 
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collar of fibro-cartilage, which slightly deepens the socket. From 
the upper part of the margin arises the * long head of the biceps.* 
Just below the cavity is the origin of the ' long head of the 
triceps.' Inunediately behind the cavity is a slight constriction 
termed the *neck' of the scapula. The neck is most plainly 
seen behind, where it forms with the spine a deep groove (great 
scapular groove), leading from tbe supra-spinous to the infra-spinous 
fossa. 

When we speak of fracture of the neck of the scapula, we mean 
fracture behind the coracoid process. This kind of fracture is very 
rare. It happens to old persons from falling on the shoulder. The 
shock is received by the head of the himierus, and is thence trans- 
mitted to the glenoid cavity. The chief symptom of such an acci- 
dent is slight lengthening of the arm and dropping of the shoulder. 
Whoever sees for the first time a fracture of the neck of the 
scapula will probably mistake it for a dislocation of the head of 
the humerus into the axilla. There is in each case the same 
lengthening of the arm, prominence of the acromion, and flatness 
of the deltoid ; in each case the head of the humerus can be felt in 
the axilla : but there is this important distinction, that in the case 
of fracture, the normal appearance of the joint can be restored by 
simply pushing upwards the arm at the elbow, by which means the 
head of the humerus, with the glenoid cavity, is at once raised to 
its proper position. 

Ooraooid Prooesa. — From the upper part of the neck of the 
scapula, just behind the upper margin of the glenoid cavity, 
stands off a projection termed the * coracoid process,' from its 
fancied resemblance to the beak of a raven (tcopa^). Arising 
from a very broad base, it takes first a direction inwards, but soon 
curves forwards towards the acromion, like a half-bent finger, and 
overhangs the glenoid cavity on the inner side. Its apex is about 
one inch and a half from the point of the acromion, and on a 
lower plane. It is necessary to be familiar with the direction of 
these points of bone, and their accurate bearing to the glenoid 
cavity and to each other, since they serve as landmarks in deter- 
mining the nature of obscure injiuries about the shoulder. Into 
the front part of the coracoid process is inserted the tendon of 

Q2 
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the ^ pectoralis minor,' and from the ^ apex ' arises the common 
tendon of the ^ caraeo-brachialis,' and the ^ short head of the bicepe.' 
At the upper part of its root is a rough surface for the attachment 
of the * coraco^lavicular ' (* conoid ' and ' trapezoid ') Ugaments 
which bind down the clavicle ; and the border next to the acromion 
gives attachment to the * coraco-acromial ligament,' which extends 
across the interval between these points of bone, and completes the 
arch for the shoulder-joint. 

Tbree Borders. — The * superior border ' of the scapula pre- 
sents, near the root of the coracoid process, a small notch, which, 
in the recent state, is bridged over by a ligament. It gives 
passage to the supra-scapular nerve. Behind the notch is the 
origin of the * omohyoid ' muscle. The * posterior border ' is al- 
ways the longest in man, and is therefore called the base of the 
scapula : in the lower animals it is generally the shortest. It 
gives insertion to the ' levator anguli scapulae,' the * rhomboideus 
major ' and * minor ' muscles, and, as before mentioned, to the 

* serratus magnus.' The * inferior or axillary border ' is by far the 
thickest and strongest, and supports the glenoid cavity. The deep 
groove along it gives origin to some of the fibres of the * sub- 
scapularis ' muscle. 

Conneotlons. — ^The scapula is connected by its acromial pro- 
cess to the clavicle which serves to keep well apart the shoulders. 
In its glenoid cavity it receives the head of the humerus. The 

* blade ' moves freely on the ribs, to which it is connected by muscles 
only. The sliding movement of the scapula on the chest can be pro- 
perly understood only on the living subject. It can move not only 
upwards and downwards, as in shrugging the shoulders — backwards 
and forwards, as in throwing back the shoulders, or in reaching for- 
wards as in boxing — but it has a rotatory movement round a mov- 
able centre. This rotation is seen while the arm is being raised 
from the horizontal to the vertical position, and is eflfected by 
the co-operation of the trapezius with the serratus magnus. The 
glenoid cavity is thus made to look upwards ; the inferior angle 
slides forwards, and is well held under the latissimus dorsi. 

Ossification. — The scapula has seven centres of ossification. 
The ' primary ' centre, which appears a little behind the glenoid 
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cavity about the seventh week of foetal life, forms all parts of the 
bone, except the coracoid process, the acromion, the inferior angle, 
and the base : these are cartilaginous at birth. There are two 
centres of ossification for the coracoid process. The chief centre, 
representing the true coracoid bone, appears soon after birth, and 
about the fifteenth year unites to the rest of the bone. The second 
centre is an epiphysis for the tip. About puberty, the other 
secondary centres appear ; namely, two for the acromion (one near 
the summit, the other near the base) ; one for the inferior angle ; 
and, lastly, one for the border of the base. They all imite to the 
scapula about the twenty-second year.^^ In a practical point of 
view it is well to remember that the acromion is not invariably 
united to the spine by bone. In some rare cases it remains per- 
manently distinct, and is united to the spine only by ligament, 
and may be mistaken for a fracture. 

&igrht or Xieft T — The bone will be in the same position as 
the corresponding one in the student's body, if he hold the spine 
backwards, the acromion upwards, and the glenoid cavity out- 
wards, to receive the head of the humerus which is directed 
inwards. 

Comparative Osteologry. — ^The scapula is present in all 
mammalia^ 

In ruminants the coracoid and acromion are absent. 

The elephant, rhinoceros, pig, and tapir have a very large 
process at the lower part of the spine, to which in man is attached 
a portion of the trapezius. 

The supra-scapular notch is converted into a foramen by ossi- 
fication of the ligament in the two- toed sloth (No. 2387 F). 

The coracoid process is a remarkable bone in birds. In them 
it is of great strength and solidity, and extends from the sternum 
to the scapula, where it helps to form the glenoid cavity. It forms 
a buttress on each side, which supports the shoulder during the 
downward stroke of the wing. This process never articulates with 
the sternum in any mammal excepting in the omithorynchus and 
the echidna. 

On the top of the sternum of the echidna (No. 1708) there is a 
T-shaped bone called the epistemum. On each of its lateral 
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branches lies a thin plate of bone, which is the clavicle in this 
animal. Extending forward from the glenoid cavity towards the 
top of the sternum is a block of bone which corresponds to onr 
ooracoid process, and on the top of this is a second piece of bone 
called the epicoracoid. Tlie coracoid being, as we may say, in two 
pieces is not surprising, seeing that in us the coracoid has two 
centres of ossification which now and then remain separate. This 
coracoid will be seen to enter into the formation of the glenoid 
cavity. 



T H K HUMERUS. 
(Plates L., U.) 

The humerus is the longest and strongest of the bones of the 
upper extremity. It is a lever of the third order, the fulcrum 
being at the shoulder-joint, and the power at the insertions of the 
several muscles which move the bone. It articulates with the 
scapula above, and the radius and ulna below. Like all the long 
bones, it has a body or shaft, and articular ends. 

Bead and Neok. — At the upper end is the smooth eminence 
termed the * head.' It forms about one-third of a sphere, and 
articulates with the glenoid cavity of the scapula. The head of 
the humerus is much larger than the socket in which it plays. This 
arrangement, together with the shallowness and direction (p. 226) 
of the socket, explains the great range of motion which the shoulder- 
joint enjoys. It is the freest of all the joints, and resembles what 
mechanics call a ' universal ' joint : there is no part of the body 
which cannot be touched by one hand or the other. The head 
springs from the shaft by a slightly constricted base, called the 
* anatoTnical neck,' to which the capsular ligament of the joint 
is attached. Although this is so short and thick as hardly to de- 
serve the name of neck, yet it serves the important purpose of 
removing the head a little away from the axis of the shaft. In 
consequence of this, the axis of the head and neck forms an obtuse 
angle with that of the shaft. When the arm hangs quietly by the 
side, with the thumb in front, the precise direction of the axis of 
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the head and neck of the humerus is upwards, inwards, and a little 
backwards from the shaft — a direction which fecilitates rotation 
inwards. In the axis of thfe neck of the femur, where rotation 
•outwards is more required than rotation inwards, this direction is 
reversed. 

Eaise the arm of the skeleton to a right angle, and you observe 
that much of the lower part of the head of the humerus is out of 
the socket. This is one of the reasons why the humerus is so liable 
to be dislocated when the arm is extended ; the head of the bone in 
•this position being chiefly supported, below, by the fibrous capsule 
of the joint. Again, when the arm is raised to a right angle, there 
is another point worthy of notice : that the humerus alone cannot 
be raised higher, for the reason that the articular surface of the 
•head of the bone does not admit of elevation beyond a right angle. 
When we do raise the arm beyond a right angle, the additional 
elevation is accomplished by th6 movement of the scapula upon 
the chest, an eflfect chiefly due to the action of the traj^ezius and 
^erratus magnus muscles. 

Tuberosities. — At the root of the neck, or rather at the top 
of the shaft, are two projections, termed the * tuberosities,' which 
;give greater leverage to the muscles moving the bone. They are 
separated by a perpendicular groove which runs about three inches 
down the shaft, and is called the * bicipital groove,' because the 
tendon of the long head of the biceps plays in it. In the recent 
state this groove is bridged over, and made into a complete canal, 
by an aponeurosis. Of these tuberosities the * greater^ is the more 
•external ; in a thin person it can be plainly felt immediately below 
the acromion. It is useful to know this in determining the nature 
of injuries about the shoulder. It has three impressions indicating 
the insertions of muscles, namely — one above and somewhat to the 
front for the * supra-spinatus,' a second immediately behind the 
first for the * infra-spinatus,' and a third below the second and 
quite at the back of the bone for the * teres minor.' The insertion 
of this last muscle extends beyond the third impression nearly half 
an inch down the shaft. The * leaser tuberosity' is the more in- 
ternal, and gives insertion to the subscapularis. Lastly, the tuber- 
osities are supported by broad pedicles which run down the shaft, 
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and form, respectively, the outer and inner margins of the- 
bicipital groove. 

Shaft I Bicipital Oroove i Surgioal Veok. — The first things 
to be observed in the shaft is, that its lower part is twisted inwards, 
and that it is slightly curved forwards. This twist and curve 
make the axis of motion at the elbow such, that the fore-arm 
naturally bends towards the front of the body. Immediately 
below the tuberosities is the * surgical neck ' of the humerus ; 
so called, in contradistinction to the anatomical neck already 
described. Fracture of the surgical neck is conunon; of the 
anatomical neck rare. On the front of the shaft is the bicipital 
groove, up which the long head of the biceps runs, to be attached 
to the top of the glenoid cavity, so that it acts like a strap and 
keeps down the head of the bone. Up this groove, too, a little 
artery (a branch of the anterior cicumflex) creeps to supply the- 
joint. Into the outer margin of the groove is inserted the tendon 
of the * pectoralis major ' ; into the inner margin the tendon of 
the * teres major ' ; and into the bottom of it the tendon of the 
*latissimus dorsi.' These muscles play an important part in 
causing displacement in fracture when it occurs through the sur- 
gical neck. There is often a double displacement : i.e. the upper 
fragment is drawn outwards by the muscles inserted into the 
tuberosities, and the lower fragment is drawn upwards and inwards 
by the muscles which go from the trunk to the arm. 

The middle of the shaft is marked by ridges and impressions 
denoting the attachment of the muscles. Along its anterior 
aspect runs a very prominent elevation (the ' anterior border ' of 
some anatomists), continuous with the external border of the bici- 
pital groove. 

Deltoid Ridgre. — About the middle of the outer aspect there 
is a rough impression {deltoid ridge) for the insertion of the 
* deltoid ' which raises the arm. Near this, on the inner aspect,, 
is a smooth surface for the insertion of the * coraco-brachialis.*" 
Against this surface the brachial artery can be eflfectually com- 
pressed. The surface looks forwards and inwards, and as the 
artery runs along it, the surgeon must remember this obliquity 
and apply compression in the proper direction — outwards and 
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backwards — or the artery will slip oflF the bone. Here also is^ 
generally situated the foramen for the nutrient artery of the 
marrow, which runs from above downwards. Below the deltoid 
ridge the shaft begins to be twisted, and becomes gradually 
flattened and expanded for the formation of the articular end. It 
is generally below the insertion of the deltoid that imunited frac- 
tures of the humerus are met with, partly on accoimt of the 
injury to the nutrient artery of the medulla, and partly on account 
of the action of the deltoid in causing a displacement of the upper 
fragment over the lower. 

Condyloid Ridgres. — ^The lower half of the shaft presents two 
ridges, one on each side, called respectively the * internal' and 
* external condyloid ridges,' because they lead to the * condyles ' or 
points of bone which project on each side of the elbow. The 
exteimal ridge begins just behind the insertion of the deltoid, and 
is the more prominent of the two ; its upper tw5-thirds gives origin 
to the * supinator radii longus,' and its lower third to the * extensor 
carpi radialis longior.' It is called the supinator ridge, and is 
generally best developed in animals which possess great power in 
.the fore-legs and paws for fighting or binrowing. It is rather 
feebly marked in man, considering the mobility and strength of 
his fore-arm. The * supinator longus ' is not so much a supinator, 
as a powerful assistant to the biceps and brachialis anticus in flex- 
ing the elbow. The intei^nal ridge serves for the attachment of 
the * internal intermuscular septum.' The front surface of this 
part of the shaft gives origin to the * brachialis anticus,' which 
begins by two little tongues, one on each side of the insertion of 
the deltoid. 

The back part of the shaft is occupied by the origins of the 
outer and inner * heads of the triceps,' which are separated by a 
groove directed in a spiral manner downwards and outwards for 
the passage of the musculo-spiral nerve and superior profunda 
artery. The origin of the outer head is narrow, and lies external 
to and above the groove, extending as high as the insertion of the 
teres minor. The origin of the inner head is below the groove, 
reaching as high as the lower limit of the teres major and covering 
all the lower part of the shaft, even to the external condyle. 
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Xiower Bnd. — The lower end of the humerus curves slightly 
forwards, and presents a pulley-like surface, suited to the flexion 
and extension, as well as the rotatory movement of the fore-arm. 
On the outer side, we observe the ' lesser head ' (capitellum), which 
corresponds with the shallow cavity at the end of the radius. The 
chief point about this head is, that it projects directly forwards, so 
'that when the fore-arm is bent there is a smooth surface ready for 
the rotation of the radius. On the inner side is the * trochlea ' or 
pulley for the ulna. This admits of flexion and extension only. 
The direction of this pulley is oblique ; that is, it slants from be- 
hind forwards, and from without inwards, so that the fore- arm, in 
the act of bending, comes naturally in front of the chest. Observe 
that the inner border of the trochlea descends much lower than 
the outer, thus protecting the ulna from dislocation inwards. Above 
the trochlea there is a deep cavity in front {coronoid fossa) which 
receives the coronoid process of the ulna in flexion ; and a similar 
•one behind {olecranon fossa) receiving the * olecranon,* or the point 
•of the. elbow, in extension of the fore-arm. External to the coro- 
noid fossa, immediately above the lesser head, is a shallow depres- 
sion for the head of the radius in extreme flexion. Between the 
* olecranon and coronoid fossae ' the bone is translucent, as is well 
seen in fig. 59, which exhibits a section through the joint. In 
consequence of this thinness, a transverse fracture through the 

humerus in this situation is not uncommon. 

From the displacement produced so close 

to the elbow joint this accident is very 

liable to be mistaken for a dislocation of 

the radius and ulna backwards. However, 

the bearing of the condyles with respect 

to the olecranon enables us in most cases 

SECTION TO SHOW THE TRo- to determine the diagnosis. If the ole- 

CHLEA OF THE HU3IEUVS. erauou bc highcr than the condyles, there 

0. Olecranon. |g dislocation of the elbow ; if not higher, 

c. Coronoid process. 

the ulna is in its proper place. 
Condyles. — The internal condyle projects more than the exter- 
nal, and gives origin to the powerful pronator and flexors of the 
hand and fingers, namely, to the * pronator radii teres,* > flexor 
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carpi radialis,' * palmaris longus,' * j9exor sublimis digitomm,' and 
** flexor carpi ulnaris.' The internal lateral ligament of the elbow 
is also attached to it. The external condyle gives origin, in front, 
to the common tendon of the extensor muscles ; namely, the * ex- 
tensor carpi radialis brevior,' * extensor digitorum communis,' * ex- 
tensor minimi digiti,' and * extensor carpi ulnaris ' : behind, it gives 
origin to the * anconeus.' Lastly, the external lateral ligament of 
the elbow is attached to it. 

Conneottons. — ^The head of the humerus articulates with the 
glenoid cavity of the scapula at the shoulder. At the lower end 
on its outer side is a roimd convex surface which articulates with 
the cup on the top of the radius ; while the trochlea is adapted to 
the form of the sigmoid cavity of the ulna. 

OssifioatioiLi — The humerus has seven centres of ossification. 
There is one for the shaft, which appears about the seventh week 
of foetal life when the foetus is about an inch long. Fiq. 60. 
About the second year after birth the centre of the 
head appears ; and about the third year, the centre 
of the tuberosities. About the end of the fifth year, 
the centres for the head and tuberosities liave coal- 
esced, and form a large epiphysis on the top of the 
shaft. It is necessary to remember that this epiphysis 
includes the tuberosities (see fig. 60). On the inner 
side, the line of junction runs close to the cartilage 
•on the head of the bone : therefore, in the event 
of separation, the shoulder-joint would certainly be 
implicated. 

About the beginning of the third year, ossification 
of the lower end commences by a fourth centre in the tdbkrosities. 
lesser head. About the fifth year, a fifth centre appears in the 
internal condyle. About the twelfth year, a sixth centre appears 
in the great sweep of the trochlea; and, lastly, about the four- 
teenth year, the seventh centre appears in the external condyle, 
and uniting with the others forms a large epiphysis at the lower 
end of the shaft. The lower epiphysis unites to the shaft at 
puberty, while the upper remains separate until maturity. There- 
Jbre there may be a separation of the upper epiphysis from the 
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shaft by violence as late as about the twenty-first year, but of 
the lower end not later than about the sixteenth year, (See 
Nor, Hum. Ost. No. 54.) 

It is interesting to remark, that the epiphysis of the upper end,, 
though the first to ossify, yet remains separate from the shaft 
about three or four years longer than that of the lower end. This 
is in accordance with the rule, that, of the epiphyses of a long bone, 
those towards which the nutrient artery of the marrow runs are 
always the first to unite with the shaft. Eemember, that the 
nutrient arteries of the marrow of the bones of the upper extremity 
run towards the elbow. In the bones of the lower extremity, they 
run frow, the knee. 

Riffht or Xieftr — The bone will be in the same position a& 
the corresponding one in the student's body, if he hold the 
rounded head upwards and turned inwards towards the glenoid 
cavity, the bicipital groove being in front. 

Comparative Osteologry- — ^^ ^^^^ the legs are longer than 
the arms, and grow faster than the rest of the body after birth* 
In apes and monkeys the converse of this is true, and, aft«r birth, the 
arms grow faster than the rest of the body. In most giants the great 
proportion of the height is due to the length of the lower ex- 
tremity. It is curious that the right humerus of the gorilla (No* 
5178) is of the same length as that of the Irish giant O'Brien (Hiun. 
Ost. Ser. No. 223), who stood about eight feet, while the height 
of the gorilla is only four feet four inches. The left humerus 
of O'Brien is 20 mm. shorter than the right, and there exists a 
similar difference in the two humeri of the gorilla. It may be 
well to mention that the corresponding bones of opposite sides 
commonly difier a little in length, without giving rise to any ob- 
vious deformity. 

The olecranon and coronoid fossae occasionally communicate by 
a small hole in man. This seems to be pretty constantly the case 
in the Bushman, gorilla, tapir and dogs. (See separate series, Mus* 
Eoy. Coll. Surg., as well as in the articulated skeletons.) 

Above the inner condyle in many camivora is a foramen 
(supra-condyloid) which transmits the median nerve and the 
brachial artery. (See separate series, Mus. Eoy. Coll. Surg. : tiger. 
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lion, and leopard.) A trace of this foramen occnrs now and then in 
man by the ossification of a part of the fibrous band which passes 
•over the median nerve and firom which the pronator teres arises.®' 

The deltoid ridge is especially prominent in the Camivora (see 
that of the seal). It is extensive in the rhinoceros, the tapir, and 
the horse, which have heavy limbs to raise. 

The tuberosities are very large in the heavy-limbed rhinoceros 
and the heavy-boned dugong. 

Notice how extensive the supinator ridge is in the aye aye and 
the beaver. 

In moles the clavicle articulates with the humerus (No. 2400 C). 

There is no complete articulation between the humerus and 
fore-arm in Cetacea, nor between their carpus, fore-arm or digits ; 
the upper extremity forming a flipper which has firee movement 
only at the shoulder joint. (See the Cachalot Whale.) 

In flying birds, notice the large foramen, at which the air enters 
the cavity in the bone immediately below the head, and feel the 
great lightness of their bones. The humerus of the adjutant 
(No. 1306) is a mere shell. A bone of this bird, thirteen inches 
long, weighed only half an ounce, while a corresponding one 
seventeen inches long of an ostrich, weighed half a pound, that 
is, it was sixteen times as heavy. 

In snakes there is no trace of fore-limb, and consequently no 
humerus (No. 629). 

Near the end of the humerus of the turtle there is a line 
which may appear to denote an epiphysis, but it simply marks the 
limit to which the cartilaginous cap extended in the recent bone 
^see No. 1016). These animals have no epiphyses. 



THE RADIUS. 
(Plates LIL, LIU.) 



The radius is the external of the two bones of th^ fore-arm, and 
is so called from its resemblance to the spoke of a wheel. In 
learning this bone, keep in mind that both its ends rotate upon 
the ulna, and admit of the pronation and supination of the hand. 
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Axla of Aotatlon. — In a well-articulated skeleton the axis of 
rotation of the radius is represented by an imaginaiy line drawn 
from the centre of the bead of the radius to the centre of the circle 
of which the sigmoid cavity at the lower end is a segment ; in other 
words, to the centre of the lower end of the ulna. The lower end 
of the radius is much larger than the upper, and is the chief support 
of the hand : now since the radius receives all shocks fiY>m the hand^ 
Fia. 61. it is more liable to be broken than the olna. 

Like the humerus, the radius and ulna are 
both levers of the third order, as seen in fig. 61. 
The fulcrum F is at the elbow-joint — the weight 
to be raised is the fore-arm W — the power P is 
^w the insertion of the biceps. The biceps acts to 
the greatest advantage when the arm is bent to 
a right angle, because the power acts at a right 
angle to the lever. 
Ksod, Veok, and Tnberola. — ^The upper end of the radius is 
called the * head ' : it has a shallow circular cup, which articu- 
lates (when the fore-arm is bent) with the lesser head of the hu- 
merus, and in the recent state is held in its place by the 
strong 'orbicular' ligament which encircles it. Observe that 
the head has a smooth circular border, which rotates in the 
lesser sigmoid cavity of the ulna. This rotation of the radius 
can be distinctly felt in one's own person below the external 
condyle of the humerus ; a fact of great value in determining the 
existence of fracture or dislocation. Below the head, is the con- 
stricted part termed the ' neck ' ; and below this, is the * tubercle ' 
which gives insertion to the tendon of the ' biceps.' This tubercle 
projects on the inner side of the bone, so that the biceps can su- 
pinate, as well as hend, the fore-arm. The posterior half of the 
tubercle is rough for the insertion of the tendon ; the anterior half 
is smooth, and is the seat of a bursa which facilitates the play of 
the tendon. 

Shaft. — The outer side of the shaft is thick and rounded ; and 
from this side its front and back surfaces gradually converge to a 
sharp edge, which fnces the ulna (nee fig. 62), and gives attach- 
ment to the interosseous membrane represented by the dotted 
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line. The shaft is slightly arched outwards, by which arrangement 
it increases the breadth of the fore-arm, and gives more power to- 
the * pronator teres.' ^ The bones are Fig. 62. 

furthest apart when the hand is placed y'x ^^ 

vertically with the thumb upwards : ( ^fe^^.^ .-— -^^^^ \ 

hence, fractures of the fore-arm are \^ y^ \^^^§p i 

put up with the hand vertical, that ^-^v./ 

there may be less risk of the opposite bones imiting. 

On the front surface of the shaft there is a blunt ridge leading^ 
from the tubercle obliquely towards the outer side of the bone,. 
It gives origin to part of the * flexor subljmis digitorum.' Above 
this ridge is the insertion of the * supinator brevis,' and below it 
is a slightly excavated surface for the origin of the * flexor longus 
pollicis.' Below this is the insertion of the * pronator quadratus.* 
On the outer and hack part of the middle of the shaft is a rough 
surface for the insertion of the * pronator teres.' This insertion 
being at the outer and haclc part of the shaft, gives the muscle 
greater power of pronation. In amputation of the fore-arm it is 
desirable to saw through the bones below the insertion of thia 
muscle, that the stump may have the benefit of a pronator. 

The posterior surface of the shaft is marked by the origin 
of the extensor muscles of the thmnb ; namely, the * extensor 
ossis metacarpi poUicis,' and the * extensor primi intemodii 
poUicis.' 

Xiower Bnd. — The lower end of the radius expands into a 
surface slightly cupped transversely, as well as from before back- 
wards, which articulates with the * scaphoid ' and * semilunar * 
bones of the carpus. In the recent state, if not in the dry bone,^ 
this surface is divided by a slight ridge : the part for the 

* scaphoid ' is triangular, while that for the * semilunar ' bone is. 
square. On its inner side is the concave articular surface (* semi- 
lunar ' or * sigmoid * cavity), which rotates upon the lower end of 
the ulna. On its outer side is the conical projection, termed the 

* styloid ' process, of which the apex gives attachment to the ex- 
ternal lateral ligament of the wrist ; while the base gives insertion 
to the tendon of the * supinator radii longus.' In front, the lower 
end has a rough and elevated margin for the attachment of the 
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powerful anterior ligament of the carpus : and behind there are 
four grooves for the passage of the extensors of the wrist and 
fingers. (Plat« LVI.) Beginning from the outer side, we ob- 
serve : 1, a groove for the * extensor ossis metacarpi pollicis,' and 
the * extensor primi intemodii pollicis ' ; 2, a groove for the * exten- 
sores carpi radiales, longior ' and * brevior ' ; 3, a very distinct and 
slanting groove for the * extensor secundi intemodii pollicis ' ; 4, 
a groove for the * extensor indicis ' and the * extensor communis 
digitorum.' In the recent state these grooves are made complete 
canals by the * posterior annular ligament.' 

The lower end of the radius is composed of cancellous tissue 

covered by a thin layer of compact bone, as shown in the ad- 

Fk». 63. joining fig. 63. In falls, therefore, upon the 

palm of the hand, the lower end of this bone, which 

receives the fiill force of the shock, is very liable to 

be broken transversely about half an inch or an 

inch above the wrist joint. This fracture of the 

radius is commonly called CoUes's fracture, after the 

Irish surgeon who first accurately described it. Tlie 

lower firagment, with the hand, is thrown backwards 

OTCTioN THROUGH ^ ^^ makc au unnatural swelling on the back of 

THE LOWER END OF O 

THE RADIUS, TO thc forc-arm : the upper fragment protrudes on the 
SHOW THE THIN- pj^jj^^j^^ asDOct of thc forc-arm just above the wrist. 

NESa OF ITS COM- * *^ 

PACT WALL. Now a fi'acture with such displacement is liable to 

be mistaken for a dislocation of the wrist. The two injuries may 
be distinguished as follows : — If the styloid process be in the same 
line with the shaft of the nidius, the injury is probably a dislocation 
of the wrist backwards : if it be not in the same line, there is 
probably a fracture of the lower end of the radius, which is by far 
the more frequent accident of the two. 

Connections. — The radius articulates above with the humerus, 
and rotates in the lesser sigmoid cavity of the ulna. Below, it 
articulates with the scaphoid and semilunar bones of the wrist, 
and rotates upon the head of the ulna. 

Ossification. — The radius has three centres of ossification : 
one for the shaft, and one for each end. The upper end begins to 
ossify at the fifth year, and is united at the seventeenth. The 
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lower end begins about the second year, and is not united till the 
age of eighteen or twenty. (Nor. Hum. Ost. No. 54.) This is 
in accordance with the general law, that epiphyses unite with the 
shafts in the inverse order of their ossification. 

Rigrht or Zielt f — The bone will be in the same position as 
the corresponding one in the student's body, if he hold the 
rounded head upwards, the bicipital tubercle inwards, and the 
oblique line forwards. 

Comparative Osteology. — In ruminants the idna and radius 
are immovably united. The ulna is at the back of the radius, 
and forms a very prominent olecranon, on the top of which may 
be seen an epiphysis in the fore-limb of the bison. 

In the zebra (Solidungula) the ulna is represented by an 
olecranon adhering to the back of the radius, but in the elephant 
the ulna is very large and the radius is small. (See the Separate 
Series, Mus. Roy. Coll. Surg.) 

In bats and birds the radius is enormously long, forming the 
principal support of the wing in the former (No. 2616 H). 



THE ULNA. 
(Plates LIL, LIU.) 



The ulna, so called because it forms the elbow (d)\ivi]\ is the 
inner of the two bones of the fore-arm. 

Vpper Snd. — Its upper end presents a deep semicircular 
cavity, with a smooth ridge at the bottom, which accurately fits 
on the trochlea of the humerus, and forms a perfect hinge-joint 
admitting of flexion and extension only. ^^^ ^^ 

(See fig. 64.) This is called the * greater 
sigmoid'** cavity, in contradistinction 
to a smaller one, termed the * lesser 
sigmoid,' which is placed on its outer 
side, and forms a socket for the rotation 
of the head of the radius. In front of 
the greater sigmoid cavity is a rough ssctxon trbouoh thi obxatbr 
projection, termed the 'coronoid process' «»''<'"> """ <>' '" '^*- 

K 
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{Kopdvfj^ the top of a curve), the rough surface in front of which 
gives insertion to the * brachialis anticus ' (a flexor of the fore- 
arm) and origin to the second head of the * pronator teres,' and 
the second head of the * flexor sublimis digitorum.' ^ Besides 
this, it Kmits the flexion of the fore-arm. When the fore-arm is 
flexed on the arm as much as possible, the point of the process 
strikes against the fossa at the lower part of the humerus, and 
prevents further flexion. In dislocation of the ulna backwards 
the coronoid process is very liable to be broken : this complica- 
tion makes reduction more easy, but subsequent retention of the 
bones in their proper place more difficult. Violent action of the 
brachialis anticus may break oflF the coronoid process : but this is 
very rare. An instance of this happened to a boy about eight 
years old, in consequence of hanging with one hand from the top 
of a high wall.®^ When it is broken, the coronoid process unites 
by ligament, owing to the separation of the fragments by the 
brachialis anticus. At the base of the coronoid process, below the 
insertion of the * brachialis anticus,' is a rough tubercular elevation 
for the insertion of the oblique ligament, the other extremity of 
which is attached to the radius just below the tubercle for the 
biceps. 

Olecranon.— Behind the sigmoid cavity is the * olecranon ' 
{a>\svrjy elbow, and Kpdvov, head). This serves many purposes 
and plays an important part in the perfection of the hinge of 
the elbow-joint. It gives leverage to the 'triceps,' which is 
inserted into it and extends the fore-arm. It forms a convenient 
knob of bone for the protection of the joint when we lean on the 
elbow, and it limits the extension of the fore-arm. The surgical 
interest about it is, that it is sometimes broken by a fall upon the 
elbow ; and the fracture generally takes place just at the slight 
constriction or notch where the olecranon joins the shaft : so that 
the joint is involved in the mischief. Fractures of the olecranon, 
like those of the patella and coronoid process, unite, generally, by 
ligament, because it is so difficult to keep the fragments in appo- 
sition. But if the tendinous expansion from the triceps be not 
torn, the union may take place by bone. 

In almost all injuries about the elbow-joint, however swollen 
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the parts, one can always feel the olecranon and the internal 
<K)ndyle of the humerus. In determining, therefore, the nature 
of obscure injuries about this joint, it is useful to know that, when 
the arm is extended, the tip of the olecranon and the internal 
condyle are about one inch apart and in the same transverse line. 
When the arm is bent to a right angle, the olecranon is an inch 
and a half from the condyle and below it. By this test dislocation 
of the ulna backwards and fracture through the lower end of the 
humerus can be distinguished. 

Shalt. — ^The shaft of the ulna is triangular, and tapers gradu- 
ally from the upper towards the lower end, which inclines a little 
outwards towards the radius and terminates in the little * head ' 
round which the radius rolls. A transverse section, seen in fig. 
65, shows the shape of the radius and j.^^ g^ 

ulna about the middle. We observe 
that their sharp edges are turned 
towards each other, and that to these 
is attached the interosseous membrane 
(represented by the dotted line) which connects the bones. 
Together, they form a shallow concavity in front and behind, 
wherein the muscles of the fore-arm are lodged. 

The greater part of the fit)nt as well as of the inner surfieu;e 
of the shaft is occupied by the origin of the * flexor profimdus 
<iigitorum.' On the front, too, is the canal for the nutrient artery 
of the medulla. It nms towards the elbow like that in the 
radius. Lower down is the origin of the * pronator quadratus.' 
The back part of the shaft is marked by ridges and surfaces for 
the muscles thus : — near the elbow is the triangular surface for 
the insertion of the * anconeus ' ; next comes the ridge for the 
origin of the * supinator radii brevis,' which also arises from the 
depression just below the lesser sigmoid cavity. Below the supi- 
nator brevis arise in succession parts of the ^ extensor ossis meta- 
carpi pollicis,' of the * extensor secundi intemodii pollicis,' and 
also the * indicator.'®* 

Of the three edges of the shaft, the external gives attachment 
to the interosseous membrane; the anterior is covered by the 
origin of the * flexor profundus digitorum ' ; the posterior gives 

B 2 
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attachment to a strong aponeurosis, which covers the muscles: 
on the inner side of the fore-arm, and affords additional surface 
for the origin of the * flexor carpi ulnaris/ the * flexor profundus 
digitorum,' and the * extensor carpi ulnaris.' The posterior edge 
(or ridge of the ulna, as it is generally called) deserves the more 
notice, because being subcutaneous it can be traced from the 
olecranon to the styloid process, and is therefore an important 
guide in cases of doubtful fracture. Before reaching the elbow 
the ridge bifurcates, and encloses a triangular space, which is also 
subcutaneous : here we feel for fractures of the olecranon. 

Ziower ZUid. — ^The lower end of the ulna is termed its ^ head.* 
It can be plainly felt at the back of the wrist when the hand is 
pronated. It has, on one side, a convex surface, forming rather 
more than half a circle, round which the radius, and with it the 
hand, rotates to the same extent. It has also another articular 
surface, lined with a synovial membrane, which looks towards 
the wrist joint, and corresponds with the interarticular fibro-car- 
tilage interposed between it and the cimeiform bone of the wrist. 
The ulna does not reach down quite so low as the radius; the 
fibro-cartilage, however, partly fills up the interval. This difference 
in the length of the two bones allows more extensive horizontal 
movement of the wrist towards the ulnar side of the fore-arm. 

The styloid process projects from the lower end of the back 
part of the ulna, and thus does not interfere with the rotation of 
the radius ; it gives attachment to the internal lateral ligament 
of the wrist. Between the process and the head there is a groove 
on the posterior aspect of the bone for the passage of the tendon 
of the ' extensor carpi ulnaris ' (Plate LVI.); and inferiorly, the 
process is separated from the head by a depression for the attach- 
ment of the triangular fibro-cartilage of the wrist. 

The styloid processes of the radius and ulna can be readily felt 
beneath the skin, and are important guides in the determination 
of injuries of the wrist, whether fracture of the radius or disloca- 
tion The relative position of the styloid processes with regard to 
the axis of motion at the wrist will settle the question. 

Connections. — The ulna articulates, above, with the trochlea 
of the humerus and with the head of the radius ; below, it articu- 
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lates with the sigmoid notch of the radius, but is prevented from 
articulating with the cuneiform bone of the wrist, by the inter- 
vention of an interartidular fibro-cartilage. 

OBsifloatloiu — ^The ulna has three centres of ossification, — 
one for the shaft and coronoid process, one for the lower end, and 
a third for the olecranon. The lower end begins to ossify about 
the fifth year, and unites to the shaft about the twentieth. The 
top of the olecranon remains cartilaginous until the age of eight, 
about which time it begins to ossify : it coalesces with the base 
about puberty. (Nor. Hum. Ost. No. 54.) 

Rigrht or Zieltf — ^The bone will be in the same position as 
the corresponding one in the student's body if he hold the greater 
sigmoid cavity upwards ; the lesser sigmoid cavity, which receives 
the radius, outwards ; and the styloid process behind. 

Comparative Osteology. — The ulna in many birds will be 
seen to be very long, like the radius, forming the largest part 
of the length of the wing, and to be dotted by a line of small 
tubercles along its outer surface where the wing feathers are 
attached. See the length of the ulna in the Frigate bird (No. 
1188 A) and the prominent feather-tubercles in the Adjutant 
{No. 1306). Contrast the great length of the ulna and radius in 
the swift flying birds, as the Frigate (No. 1188 A) and Albatross 
{No. 1189) with the shortness of those which do not fly, as the 
Oreat Auk (No. 1118), the Ostrich (No. 1362), and the Cassowary 
<No. 1357 A). 
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BONES OF THE HAND. 

(Platbs LIV. LV. LVI.) 

The skeleton of the hand consists of twenty-seven bones. The 
first eight are the little bones of the carpus ; the five succeeding 
bones constitute the metacarpus : these support the bones of the 
fingers. Each finger has three bones, termed, in order from the 
wrist, the first, second, and third or ungual phalanges. The 
thumb has only two phalanges. 



THE CARPUS. 
(Platb LVL) 



Nmnber and Names. — ^The carpus consists of eight little 
bones, arranged in two transverse rows of four bones each, thus 
forming a broad base for the support of the hand. What is the ad- 
vantage of so many bones in the wrist? It confers strength and 
elasticity and permits some motion. The contiguous surfaces are 
crusted with cartilage and form synovial joints. Suppose there had 
been a single bone instead of the eight carpal bones, how much more 
liable it would have been to fracture and dislocation. As it is, 
dislocation of one or more bones of the carpal range is a rare 
occurrence ; but it does liappen sometimes. Sir C. Bell tells us 
that ' the boy that played the dragon in a pantomime at Covent 
Garden, fell upon his hands, owing to the breaking of the wire 
that suspended him, and he suffered dislocation of some of the 
carpal bones in both hands.' The bones of the carpus are named 
as follow, beginning from the radial side : — 

First ok Pboximal Row . 'Scaphoid/ 'sbmilunab,* 'cuneiform/ 'pisiform.' 
Secokd or Distal Eow . 'Traprzium/ 'trapezoid/ 'os maonum/ 'ukciform.^ 




Palmar surface- 
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The student will obtain a better idea of the general shape and 
arrangement of these bones by examining them, at first, col- 
lectively. For this purpose it is very desirable that he should 
have before him an articulated hand, as well as the separate 
bones. 

Carpal Aroh. — The outline of the carpus as a whole is 
oblong, with the broad diameter in the transverse direction. Its 
bones are wedged together, and so form an arch with the concavity 
towards the palm, which gives passage to the flexor tendons of 
the fingers. Fig. 3 in Plate XXXVIII. shows that the piers of 
the arch are formed on one side by projections from the scaphoid 
and trapezium ; on the other, by the pisiform and the hook of the 
unciform. The arch is converted into a complete tunnel by the 
anterior annular Ugament. 

Radio-oarpal Joint. — ^To begin with the bones of the first 
row. Excluding the pisiform, which is only an outstanding 
^ sesamoid ' bone, it will be seen that the scaphoid, semilunar and 
cuneiform bones form a convex articular surface, which, with the 
lower end of the bones of the fore-arm, forms the radio-carpal 
joint. This joint admits not only of the movements of flexion 
and extension, but also of the horizontal movements of the wrist 
(abduction and adduction). The upper articular surfaces of the 
first row of bones are prolonged further down their dorsal than 
their palmar aspect : hence the free movement of extension at the 
wrist. The articular sur&ces of the scaphoid and semilunar bones 
fit into the radius ; while that of the cimeiform, which is the least 
extensive of the three, would articulate with the ulna, but for the 
intervention of the triangular fibro-cartilage attached, in the recent 
state, to the lower end of the ulna. The bones of the first row 
articulate with each other by plane sur&ces crusted with cartilage, 
but they are so firmly connected by ligaments that there is very 
little movement between them. 

Xnteroarpal Joint. — Collectively, the lower ends of the firat 
row form, with the bones of the second row, an important movable 
joint, which we call the * intercarpal.' It is very different in form 
firom the first joint (radio-carpal) of the wrist, since its outline is 
alternately convex and concave. By means of this second joint 
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we get a great range of flexion and extension at the wrist. If 
there had been only a single joint for this amount of motion, it would 
have been comparatively inseciure, iand very liable to dislocation, 
whereas dislocation of the wrist happens very rarely indeed* By re- 
ferenqe to Plate LVI.it is seen that the lower part of the scaphoid has 
a convex articular surface which corresponds with the trapezium 
and trapezoid, and also a concave one, which, with a concavity in 
the semilunar and cuneiform bones, forms a deep socket for 
the reception of the head of the os magnum and the unci- 
form. 

ArtloiilatloiiB of First Row. — The scaphoid articulates with 
five bones inclusive of the radius ; the semilunar with five inclu- 
sive of the radius ; the cuneiform with three ; and the pisiform 
with one, namely, the cuneiform. 

In consequence of the flexors and extensors of the wrist being 
inserted below the second row of carpal bones, they necessarily 
act on the * intercarpal joint ' as well as on the radio-carpal. Thus a 
greater amount of motion is provided at the wrist than it otherwise 
could have possessed with safety. If such firee motion had been 
given to one joint, the angle of flexion must have been great 
and the ligaments looser than would have been consistent with the 
security of the joint. 

Bones of the Second Row. — The trapezium and trapezoid 
form a shallow socket for part of the scaphoid, while the os mag- 
num and unciform form a convexity, which fits into the deep socket 
formed by the scaphoid, semilunar, and cimeiform in the first row. 
Below, the second row articulates with the metacarpal bones, as 
follows : The trapezium with two, that of the thumb by a con- 
cavo-convex surface, and partly with that of the index finger ; the 
trapezoid with one, that of the forefinger ; the os magnum with 
three, that of the middle finger, and besides this with those of the 
index and ring fingers ; and the unciform with two, those of the 
ring and little fingers. Thus the trapezium supports the meta- 
carpal bone of the thumb ; the trapezoid that of the index fin- 
ger ; the OS magnum that of the middle finger ; and the cuneiform 
those of the ring and little fingers. The consequence is, that the 
metacarpal bones present different degrees of mobility, — that of 
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the thumb being the most movable, those of the fore and middle 
fingers the least so. 

Artioulations of Second Row. — ^Like the bones of the first 
row, those of the second articulate with each other by plane sur- 
faces firmly connected by ligaments. The trapezium articulates 
with four bones; the trapezoid with four; the os magnum with 
seven ; the unciform with five. 

DiBtinotion of XndiTldual Bones. — ^Thus fax we have ex- 
amined the bones of the carpus collectively ; how are we to dis- 
tinguish them individually ? Whoever remembers what has been 
already said, will readUy recognise the separate bones ; and if the 
rule laid down for the parietal (page 44), which has been applied to 
the other bones, be also applied to these, there cannot be much 
difficulty in determining to which hand a given bone belongs. 

Scaphoid Bone. — ^The ^ scaphoid ' bone may be told by its 
boat-shaped socket (cr^o^, a boat), by its long narrow groove 
on the dorsal aspect between its two convex sur&ces, and by its 
** tubercle ' for the attachment of the ligaments of the wrist (an- 
terior annular and external lateral). 

Biff ht or Ziclt f — This bone will be in the same position as 
the corresponding one in the student's body if he hold the concave 
surface forward for articulation with the os magnum, the tubercle 
outwards for articulation with the trapezium and trapezoid, and the 
groove towards the dorsum. 

Sen&ilunar Bone. — ^The ^ semilunar ' bone may be told by its 
semilunar shape (whence the name). There is a narrow crescentic 
sur&ce on its outer side for articulation with a similar surface on 
the scaphoid, and a broader crescentic sur&ce on its inner side for 
articulation with a similar surface of the cuneiform. 

In the concavity of the bone there are two articular sm&ces: 
the outer, a large one for the head of the os magnum ; and the 
inner, a smaller one for its slight articulation with the unciform. 

Biffht or Ziclt f — ^The bone will be in the same position as the 
•corresponding one in the student's body if he hold the concave 
surSeu^e forward for articulation with the os magnum and unciform ; 
the narrower crescentic surface outwards for articulation with the 
scaphoid, and the small non-articular surfiEtce towards the dorsum* 
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zium and semilunar in the fifth ; that of the scaphoid in the 
eighth ; that of the trapezoid in the ninth ; that of the pisiform 
in the twelfth. This is the last bone in the body to ossify. 

Comparative Osteology. — In many of the Camivora, as the 
seal, walrus, tiger, and dog, the scaphoid and lunar are anchylosed 
into one mass. In the bat, the scaphoid lunar and cuneiform form 
only one bone. In the dugong, all the carpal bones are anchylosed 
into three bones, the distal row being in one piece. 

In birds, as in other animals, they are diminished in number 
according to the disappearance of the digits which each usually 
supports. 

The carpus of the orang-utan, baboon, and several other 
monkeys contains one more bone than that of man, which seems 
due to the division of the scaphoid into two parts. (See Separate 
Series, Mus. Eoy. Coll. Surg.) 



THE METACARPUS. 
(Plates LIV. LV.) 

The metacarpus consists of the five bones which support the 
phalanges of the thumb and fingers. They are described as the 
first, second, third, fourth and fifth, counting from that of the 
thumb ; and, regarding them as ' long bones,' which they much 
resemble in their general structure, we speak of their shafts and 
their two ends ; the upper end being termed the * base,' the lower, 
the ' head ' of the bone. 

Sliafts. — The ' shafts ' are slightly concave towards the palm, 
forming the hollow of the hand. They are made somewhat 
triangular on section by the impressions of the * interosseous ' 
muscles which occupy the ' interosseous spaces.' The apex of the 
triangle is on the palmar surface, the base on the dorsal surface 
forming the support of the extensor tendons of the fingers. 

Bases. — Their * bases ' articulate not only with the bones of 
the carpus, but, by * lateral facets,' with each other : that of the 
thumb, however, stands out alone, so as to oppose all the others. 
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It 19 one of the great characteriBtics of the hand of man, that the- 
point of the thumb can touch with perfect ease the tips of all the 
fingers. 

Seads. — The lower ends or ' beads ' are rovmded for articula- 
tion with the first phalanges of the fingers. The articular sur&ces 
of the heads extend chiefly towards the palm. They allow the 
fingers not only to be flexed and extended, but to be moved 
laterally. On each side of their heads are a tubercle and a deep 
pit for the attachment of the thick and strong lateral ligaments. 

The shaft of each metacarpal bone has a canal for the nutrient 
artery of the medulla. In the second, third, fourth, and fifth 
metacarpal bones, the direction of this canal is upwards ; but in 
the metacarpal bone of the thumb its direction is downwards. 

BKetaoarpal Bona of the Thnmb. — The metacarpal bone 
of the thumb is distinguished by the characteristic eaddle-shaped 
surface at the base, which articulates with the trapezium. Besidea 
which, its shaft is shorter, broader, and stronger p . 
than the others, in accordance with the many and |, 

powerful muscles which act upon it. There are u 
less than nine muscles to work the thumb. Its great 
mobility in all directions, so essential to the power 
and perfection of the human hand, depends upon 
this saddle-shaped joint at its base ; and its x^ower 
of antagonising the fingers is owing to its base being ! 
set off on a plane anterior to them. But for a 
little buttress of bone which projects from the inner 
and front part of the trapezium, the thumb would t 
fall into the same line as the fingers, and would not 
possess that power of opposing them which makes the human 
hand such a wonderful instrument." On the palmar aspect of ita 
head, observe two smooth sur&ces occasioned by the play of the 
outer and inner sesamoid bones which are connected with the 
tendons of insertion of the * fiexor brevis pollicis,' 

KlfTlLt or Loftt — ThiB bone will be in the same position as 
the corresponding one in the student's body if he hold the rounded 
head forward, the flattened sur^e towards the dorsum, and the 
process of bone at the base towards the inner side. 
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Fio. 68. BKetaoarpal of rore-flngrer.— The metacarpal 

bone of the fore-finger is distinguished by its deeply 
indented surface at the base, which is immovably 
wedged with three of the carpal bones ; also by 
having a ^lateral facet' on the inner side for the 
third metacarpal. 

HiirM or Xieftr — This bone will be in the same 
position as the corresponding one in the student's 
body if he hold the rounded head forwards, the flattened 
sur£BM;e towards the dorsum, and the facet for tlie in- 
sertion of the extensor carpi radialis longior outwards. 

BKetaoarpal of BKiddle rinffor.— The 
metacarpal bone of the middle finger may 
be known by its having a smooth square 
surface at the base for the os magnum, 
and an angular projection at the comer of 
it for the insertion of the ' extensor carpi 
radialis brevior.' It has also < lateral 
facets ' on each side. Sometimes, as seen 
in fig.69, the inner facet is divided into twa 
&iflrht or Xioft r— This bone will be in 
the same position as the corresponding one 
in the student's body if he hold the rounded 
head forwards, the flattened surface towards the dorsum, and the 
pointed process for the insertion of the extensor carpi radialis 
iDrevior outwards. 

Metacarpal of &iner Flnerer. — The metacarpal bone of the 
Fio. 71. Fio. 72. ^^^S ^^g^^ articulates with the unciform 

and part of the os magnum. It may be 
distinguished by its smaller size ; by the 
absence of the angular projection at the 
base, which is flat ; and by its having two 
facets on the outer side and one on the 
inner (figs. 71, 72). 

aierht or Xieft? — The bone will be in 
the same position as the corresponding 
one in the student's body if he hold 
the head forwards, the flattened surface 
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towards the dorsum, and the single facet on the side of the base 
inwards for articulation with the metacarpal bone of the little 
finger. 

Metacarpal of Xiittle Fingrer. — The 
metacarpal bone of the little finger may be 
recognised by its concavo-convex sur&ce 
at the base to articulate with the unciform 
bone, and by its having only one lateral 
facet, namely, on the outer side (fig. 73). 
The projection on the inner side of the 
base is for the * extensor carpi ulnaris.' 

RiflTlit or Xieftr — This bone will be 
in the same position as the corresponding 
one in the student's body if he hold 
the rounded head forwards, the flattened surface towards the 
dorsum, and the non-articular side of the base inwards. 

Oaslfloation. — ^Each metacarpal bone has a centre of ossifi- 
cation for the shaft and proximal end, which appears about 
the eighth week of foetal life. Each also has an epiphysis at 
its distal end, of which the nucleus appears about the fourth year. 
The metacarpal bone of the thumb, however, has its epiphysis at 
the proximal end, like the phalanges of the fingers. All unite 
to the shafts about the twentieth year,*^ (Nor. Hum. Oat. 
No. 54.) 

GomparatlTe Ostoologry. — In all birds excepting the extinct 
^archsBopteryx the metacarpal bones are anchylosed together. 
{See the Separate Series in the Mus. Roy. Coll. Surg.) 

Contrast the short metacarpal bones of the elephant with the 
-enormously long ones of the horse or giraffe. 



256 



THE BONES OF THE FINGERS. 

(Plate LIV.) 

Oeneral Description. — Each finger consists of three bones 
successively decreasing in size, and termed respectively the first 
second, and last or ungual * phalanges.' The thumb has onb 
two phalanges. A general description will suffice for all. 

The structure of each phalanx is precisely like that of the 
great lon§ bones, and a longitudinal section through one oi 
them would display the great thickness of the compact wall of the 
shaft. 

Considering the phalanges as * long ' bones, we speak of their 
shafts and their articular ends. The shafts are convex on the 
dorsal surface, and flat on the palmar ; on each side of this flat 
surface is a ridge for the attachment of the fibrous sheath (theca), 
which keeps the tendons in their places. 

First Phalangres. — The first phalanges are distinguished by 
their greater length, and by the shape of their metacaq>al ends, 
which do not form strictly hinge-joints, but have concave o\'al 
surfaces, with the long diameters tmnsverse, adapted for lateral 
movement as well as flexion on the heads of the metacarpal bones. 
In accordance with this lateral movement, we observe, on each side, 
a tubercle for the insertion of the interosseous muscles which pro- 
duce it. Their distal ends are divided by a shallow groove into 
two little condyles with the lateral tubercles and depressions for 
the lateral ligaments. 

Second Phalangres. — The second phalanges are shorter than 
the first, and are recognised by the shape of their proximal ends, 
which have two little concave surfaces, with an intervening ridge, 
and so form a hinge with the little condyles of the first phalanges. 
The first phalanges have only one articular surface at their proxi- 
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mal ends, and are thus distingnished firom the second. Each has 
also a tubercle behind, into which is inserted the extensor tendon. 

Third Phalangres. — The last or ungual phalanges are the 
shortest. Their ends expand into a horse-shoe shape, smooth on 
one surface for the support of the nails, and rough on the other for 
the supjx)rt of the pulp of the fingers. 

Vnequal Xiengrth of Fingrers. — It has been asked, What 
are the advantages of the fingers being of unequal length ? Close 
them upon the palm, and then see whether or not they correspond. 
This difference in the length of the fingers serves a thousand pur- 
poses, to which the works of human art and industry bear ample 
testimony. 

OsBlfioation. — Each phalanx has two centres of ossification : 
one for the shaft and distal end ; the other for the proximal end, 
which remains an epiphysis till about the twentieth year.*®' (Nor. 
Hum. Ost. No. 54.) 

Gomparative Oateologry. — ^In the separate series in the M us. 
Eoy. Coll. Surg, it will be seen that the elephant has five digits ; 
the elk four, viz. the 2nd, 3rd, 4th, and 5th ; the ox two, the 3rd 
and 4th ; the rhinoceros three, the 2nd, 3rd, and 4th ; the tapir 
four, the 2nd, 3rd, 4th, and 5th ; the zebra and horse one, the 3rd. 

The flipper of the whale, which corresponds to the front 
limb, has no nails : some of the digits have more than three pha- 
langes. (See the round-headed whale, No. 2518 B, and the 
lesser fin-whale.) 

Bats (Cheiroptera) have their four ulnar digits very much 
elongated, forming the framework for the wing. At least three 
of these digits bear no nails. The hook at the top of the bat's 
wing is the thumb-nail. (See Sep. Ser. Mus. Eoy. ColL Surg., as 
weU as No. 2416 E and 2416 G to 2416 L.) 

In the digitigrade Camivora, as the tiger and cat, the sharp 
claws are firmly fixed into the ungual phalanges, and these are 
under ordinary circumstances bent backwards on to the back and 
outer side of each corresponding second phalanx by an elastic liga- 
ment, and are thus held out of the way as long as the flexor 
profundus digitorum remains at rest. 

When a cat pats you in play she only uses the flexor sublimis 

S 
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digitx>rum ; but when she claws you in anger she uses her flexor 
profundus digitorum, which flexes the ungual phalanx and brings 
down the claw. 

That which is commonly called the knee in the horse, is really 
the wrist. From this joint down to the foot extends the greatly 
elongated third metacarpal bone. 

In birds three fingers can be traced as forming the extremity 
of the wing. (See Sep. Ser. Mus. Roy. Coll. Surg.) 

The phalanges were very numerous in the Ichthyosauria.. 
(Pal. Ser. No. 222, Mus. Roy. Coll. Surg.) 



SESAMOID BONES. 
(Platb Ln^) 

Position and Vse. — These little bones are so called from their 
resemblance in size and shape to the grain * seaamum.* They are 
met with in the substance of tendons in the neighbourhood of joints. 
— the * patella,' or * knee-pan,' being the best example. Their use 
is to increase the leverage of the tendons. The thumb has two 
of these bones beneath its metacarpal joint, which increase the 
leverage of the * flexor brevis pollicis.' We rarely find any in the 
fingers. 

Comparative Oateologry. — Of all animals, the mole has the 
most remarkable apparatus of * sesamoid ' bones. Its prodigiously 
strong digging feet are provided with many of them, which increase 
the leverage of the brachial muscles, and enable the animal almost 
to swim through the earth. 

Interosseous Muscles. 
Number and Arrangrement. — There are seven interosseous 
muscles in the hand : ^®^ four on the dorsal aspect, and three on the 
palmar. The dorsal interossei arise by two heads from the 
opposed sides of the metacarpal bones, and are inserted into the 
first phalanges of the fingers, so that they separate the fingers 
from each other ; in other words, they draw the fingers frovi a 
stationary line supposed to pass down the centre of the middle^ 
finger, as represented by the dotted line in fig. 75. 
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The palmar ioterossei arise each from one metacarpal bone, 
and are inserted into the fingers, so that the; bring them 
Fia. 75. Fid. TO. 





together; in fitct, they draw towards the stationary line down the 
centre of the middle finger, as shown in fig. 76. 
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GENERAL SURVEY OF THE SKELETON. 
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A GENERAL suTvey of the human skeleton shows how admirably it 
is adapted to the erect attitude. 

Adaptation of the Skeleton to the Broot Position. — 

1. When a man stands erect, an imaginary vertical plane (a 5) 
supposed to fall through the top of the head, would pass through 
the occipito-atlantoid, lumbo-sacral, sacro-iliac, hip, knee, and 
ankle-joints ; in a word, through all the joints which transmit the 
Fig. 77. weight to the ground. This explains why a man 
can carry a weight on the top of his head easier 
than in any other way. 

Position of Foramen Xagnnni and Con- 
dyles. — 2. The foramen magnum and the condyles 
of the occiput are nearly horizontal (when the head 
is held upright), and they are advanced almost to 
the middle of the base of the skull, and thus the 
head is nearly balanced on the cups of the atlas. 
The head has a slight tendency to drop forwards, 
but this is limited by the ligamentum nuchsB. 
Contrast the position of the condyles in the himian 
skull with that of the orang-utan, in which the 
condyles are not only placed nearer to the back of 
the head, but obliquely, making an angle of 40* 
with the horizon. The lower we go in the scale, 
the greater is the contrast. In the horse, for 
instance, the plane of the condyles and foramen 
^ magnum is vertical. In this, and all other her- 

bivorous quadrupeds, the weight of the head is sustained by an 
enormously strong and elastic ligament (ligamentum nuchas, or 
pack'Wax)y the strength of which is in proportion to the weight 
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of the head and its tendency to drop. It extends from the lofty 
spines (withers) of the anterior dorsal vertebrae to the crest of the 
occiput. 

Direcrtdon of the Face. — 3. The {see is placed perpendicularly 
under the cranium^ so that the planes of the &ce and forehead are 
parallel, and this characteristic of the human face is well adapted for 
the erect attitude. If man went on all fours, he would habi- 
tually see and smell nothing but the ground. As it is, the direction 
of the orbits is horizontal, and therefore gives the greatest range 
of vision ; and the direction of the nose gives the greatest range 
of smell. We are reminded here of the beautiful lines — 

' Pronaque dum spectent animalia csetera terrain, 
Os homini sublime dedit, ccelumque tueri 
Jusait, et erectos ad sideia tollere Tultas.' 

Otid, Metam. I. 84-86. 

Breadth of the Thorax. — 4. The thorax is much broader in 
the transverse than in the antero-posterior diameter. This great 
breadth of the chest is peculiar to man and the highest species of 
ape ; it throws the arms farther apart, and gives them a more ex- 
tensive range ; besides which, it diminishes the tendency there 
would otherwise be in the trunk to fall forwards. Contrast this 
with the chest of quadrupeds, compressed laterally, and deep from 
sternum to spine, so that the fore legs come nearer together, and 
fell perpendicularly under the trunk. 

Cnrres of the Spine. — 5. The vertebral column gradually in- 
creases in size towards the base. It is curved, which makes it all 
the stronger, and better adapted to break and diffuse shocks : and 
these curves, waving alternately, distribute the weight in the 
line of gravity. This Une passes through all the curves, and fells 
exactly on the centre of the base. Observe, moreover, the 
length and size of the spinous processes in the lumbar region for 
the origin of the * erector-spinse.' 

Shape and ZnoUnatlonof the Pelvis.— 6. The weight of the 
vertebral column is supported on a sacrum broader in proportion 
than in any other animal. The iliac bones are widely expanded and 
concave internally ; they support the viscera and give powerful 
leverage to the muscles which balance the tnmk. The whole pel- 
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vis is remarkably broad, and thus the base of support is widened ; 
and the plane of its arch so inclines as to transmit the weight from 
the sacrum (or crown of the arch) vertically on to the heads of the 
thigh bones : lastly, the deepest and strongest part of the socket 
for the thigh bone is in the line of weight : consequently, the joint 
is never more secure than in the erect position. 

With the broad and capacious pelvis of man, contrast the long 
and narrow pelvis of animals, which, instead of forming an angle 
with the spine, is almost in the same line with it. 

Xiower Xiimbs. — 7. In proportion to the tnmk, the lower limbs 
of man are longer than in any other mammal, the kangaroo not 
excepted. Their great length prevents their being adapted for 
locomotion in any but the erect attitude. The femur has a long neck, 
set on to the shaft at a very open angle, so that the base of sup- 
j)ort is rendered still wider. The long shaft of the femur inclines 
inwards, bringing the weight well under the pelvis, which is ob- 
viously of great advantage in progression : and when the leg is 
extended, the femur can be brought into the same line with the 
tibia ; thus the weight is transmitted vertically on to the hori- 
zontal plane of the knee-joint, while the articular surfiices of the 
bones are expanded and give adequate extent of support. 

Contrast our long lower limbs with the short and bowed legs 
of the gorilla, chimpanzee, and orang-utan. Watch attentively 
one of these three apes (the highest of the mammalia below man) 
in the act of walking ; you will find that he supports himself 
alternately on the right and left knuckles as well as on his feet. 

Feet. — 8. The foot of man is broader, stronger, and larger in 
proportion to the size of the body than in any other animal ; so 
that man can stand on one leg, which no other mammal can do. 
Its strong component bones form a double arch of exceeding elas- 
ticity, which touches the ground at both ends, and receives the 
superincumbent weight vertically on its * crown.' The great bulk 
and backward prolongation of the os calcis at right angles to the 
tibia support the arch behind, and form a }X)werful lever for the 
great muscles of the calf, which raise the body in progression, while 
the bones of the great toe are i)roiX)rtionately strong, and form 
the chief support upon which the body may be raised. 
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Upper Xiimbs. — 9. We see, then, that the whole &bric of the 
-skeleton is so adjusted as to exempt the upper limbs from taking 
any part in its support. These are kept wide apart by the 
clavicles, and their component joints admit of the freest range of 
motion. The twenty-seven bones at the extremity of each con- 
stitute those instruments of consummate perfection, the * hands,' 
of which, even if a formal dissertation *^ had not been written, 
one might well forbear to speak, since they have such eloquence 
of their own. *Nam caetersB partes loquentem adjuvant, hae, 
prope est ut dicam, ipsse loquuntur: his poscimus, pollicemur, 
vocamus, dimittimus, minamur, supplicamus, abominamur, time- 
mus ; gaudium, tristitiam, dubitationem, confessionem, poeniten- 
tiam, modum, copiam, numerum,-tempus, ostendimus.' *^ 

Comparative Osteologry- — Some of the vertebrata have bones 
which do not exist in man as such and are only represented in him by 
fibrous or cartilaginous tissue. Thus there is the bone of the heart, 
"*08 cordis,' in the bullock — bos taurus — (No. 4), an example of the 
visceral system of bones or splanchno-skeleton. Another instance 
is the bony sclerotic of many fishes and some birds. This is well 
^een in a specimen from the sun-fish (No. 5). There was a ring of 
bone in the sclerotic of the extinct flying lizards (Pterosauria), as 
well as in that of the Ichthyosauria, the life-size models of which 
animals are seen at the Crystal Palace. In the Phocidae, Trichechus, 
the walrus, and in many dogs, is found the *os penis' (Nos. 
3906, 3907, 3908, 3909, and 3910, the last showing a fracture which 
has been repaired). Another is the * interclavicula ' found in 
Reptilia. It is often, too, present in birds, though it is in them 
-confluent with the clavicles. In many of the Lacertilia a partially 
•ossified, or cartilaginous rod runs up from the symphysis of the 
ischia, and supports the front wall of the cloaca, and is called the 
* OS cloacae.' In all pouched animals (Marsupialia), as in the 
kangaroo (Macropus major, Ost. Ser. Coll. Surg. Mus. 1724), and 
in the Monotremata (that is, in Echidna and Omithorhynchns, 
Ost. Ser. Coll. Surg. Mus. 1698, 1699), are found the marsupial 
bones : ossifications, or often only chondrifications, of the internal 
pillars of the external abdominal rings. 
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OS HY0IDE8. 

(Plate XXXVIII.) 

Position and Vse. — The os hyoides, so called &om its like- 
ness to the Greek letter Upsilon, is situated between the larynx 
and the root of the tongue. It is suspended from the styloid 
processes of the temporal bones by the stylo-hyoid ligaments^ 
often partly ossified in man, and, generally, distinct bones in 
animals. When the neck is in its natural position, it can be 
plainly felt on a level with the lower jaw, and about one inch and 
a half behind it. It serves to keep open the top of the larynx,, 
and aflfords attachment to the muscles which move the tongue. 

It is divided, for the sake of description, into a ^ body ' or 
front part, and a * greater ' and a * lesser comu ' on each side. 

Body. — ^The *body' (basi-hyal part) is the thickest and 
strongest part. Its wpjper surface is marked by the impressions 
of the muscles attached to it. There are, generally, a transverse 
and a perpendicular ridge : the latter is in the median line. Often 
there is a little projection from the middle, which is interesting 
as a rudiment of the process to which is attached the lingual bone 
of animals which runs into the substance of the tongue. Its under 
surface is slightly excavated (as seen in Plate XXXVIII. fig. 2), 
which shows a transverse section through the centre of the body. 
Into this hollow the thyroid cartilage rises behind the os hyoides 
in deglutition. The plane of the body is nearly horizontal ; the 
anterior thyro-hyoid ligament is attached to its ^posterior border. 

Comua. — ^The greater comu (* thyro-hyal ' part) i^rojects 
backwards about one inch and a half, not quite horizontally, but 
with a slight inclination upwards, and terminates in a blunt end, 
tipped with cartilage. Until the middle period of life, the great 
comu is united to the body by cartilage ; but this ossifies in the 
progress of age. 
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The leaser comu (* cerato-hyal ' part) is not much larger than 
a barlejcom, and projects backwards at an acute angle from the 
junction of the body and the greater comu. It articulates with 
the body by a little joint, and is freely movable : the stylo-hyoid 
ligament is attached to the end of it. 

The many muscles attached to the hyoid bone are shown in 
the plate. 

The OS hyoides is connected to the thyroid cartilage by three 
ligaments, which contain a large quantity of elastic tissue- 
These ligaments are : — 1. The anterior thyro-hyoid (Plate LVII. 
fig. 1), which extends from the * pomum Adami ' to the upper and 
back part of the body of the os hyoides. 2. The two posterior 
thyrO'hyoidy which extend, one on each side, from the end of the 
great comu of the os hyoides to the superior comu of the thyroid 
cartilage. The vacant space left in the dried preparation between 
the hyoid bone and the thyroid cartilage is closed in the recent 
state by the thyro^hyoid Tnembrcme. 

Ossifl cation. — The bone is ossified from five centres — one 
for the body, and one for each of its four comua. The body and 
greater comua begin to ossify in the last month of fcetal life. 
The lesser cornua begin to ossify in the first year, and generally 
in middle age unite to the rest of the bone. 

Comparative Osteologry. — The posterior sur&ce of the hyoid 
bone is concave &om side to side and from above downwards. 
This concavity is characteristic of the higher mammalia. In the 
gorilla it will lodge the tip of the finger, while in the howling 
monkey, Mycetes laniger, it develops into a sac large enough to 
hold a pigeon's egg. 

Notice a remarkable anterior projection firom the front of the 
body of the hyoid bone of the horse, seen also more or less in 
many other animals and especially in birds. (Sep. Ser. Mus. Boy. 
Coll. Surg.) 
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THE LARYNX. 

(Platb LVn.) 

Sitaatlon and Vse. — The larynx is situated at the top of the 
trachea or windpipe. It answers a double purpose. It guards the 
opening through which the air passes into the lungs : it is the 
organ of the voice and of song. Its framework consists of a 
number of cartilages connected by joints and elastic ligaments 
in such a way that they can be moved upon each other by appro- 
priate muscles ; the result of this motion being to act upon two 
elastic ligaments termed the * vocal cords,' upon which the voice 
essentially depends. 

Thyroid Cartilage. — ^The thyroid cartilage {6vpe6sy a shield) 
is so named because it shields the delicate apparatus behind it. 
It consists of two lateral symmetrical plates (alse), united in front 
at an angle which forms the prominence termed * pomum Adami.' 
This prominence, which is greater in the male than in the female, 
has a ^ notch,' at the upper part, as if a portion of the angle had 
been sliced off to permit the cartilage to rise with greater facility 
behind the os hyoides in deglutition. More than this, there is a 
bursa of considerable size which diminishes friction between the 
surfaces. The bursa is practically interesting, because it may enlarge 
and form a cyst in front of the neck, sometimes as large as a 
pigeon's egg. 

Outer Surface and &idgr6. — Look at the outer surface of 
the ala of the thyroid cartilage (fig. 1). It has an oblique ridge, 
running downwards and forwards, with tubercles at each end, 
indicative of the attachments of muscles. The ridge gives origin 
to the Hhyro-hyoid' and insertion to the * stemo-thyroid ' muscles. 
Behind the ridge is the origin of the inferior constrictor of the 
pharynx, extending down to the side of the cricoid cartilage. 
The posterior border of the ala is nearly vertical, and gives inser- 
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iion to the stylo-pharyngeus. The inferior border of the ala has 
generally two curves, and gives insertion to the * crico- thyroid ' 
muscle. This muscle arises from the side of the cricoid cartilage ; 
-consequently, when it acts, it draws the two cartilages together. 

Comua. — The posterior part of each ala has two projections, 
termed its * comua ' superior and inferior. The superior comu 
gives attachment to the posterior thyro-hyoid ligament. The in- 
ferior comu articulates with the cricoid cartilage. This is a perfect 
joint, provided with a synovial membrane and ligaments. It is 
important to remember that the form of the joint admits of only 
vertical movement of the thyroid cartilage, the axis of motion 
being a transverse line drawn through both joints. Upon this 
movement depends the tuning of the vocal cords. 

Angrle. — So much for the outside of the thyroid cartilage. 
Now for the parts attached within the angle. To see them 
properly, one of the alae should be removed, as in fig. 2. You 
then observe that the following objects are attached to the angle, 
beginning at the top: 1, the anterior thyro-hyoid ligament; 2, 
below this, the apex of the epiglottis ; 3, lower down, the felse 
TTocal cords ; 4, still lower, the true vocal cords ; 5, below these, 
the origin of the * thyro-arytenoideus' ; lastly, at the lower border 
of the angle, is the attachment of the ^crico-thyroid' ligament. 

Cricoid Cartila^ro* — ^^^ cricoid cartilage (Plate LVII.) forms 
^ complete ring (whence its name), a little broader in the antero- 
posterior diameter than in the transverse. It is situated at the 
top of the trachea, inmiediately below the thyroid cartilage. The 
-ring is not of the same depth all round. It is narrow in front, 
and from this part the upper border of the ring gradually rises, so 
that, behind, the ring is a full inch in vertical depth, and occupies 
jpart of the interval between the alae of the thyroid. This slope 
^f the cricoid towards the front permits the vertical play of the 
.thyroid. It cannot be too strongly impressed upon a student that 
he should make his finger familiar, in his own neck, with the pro- 
jections of the thyroid and the cricoid cartilages, and the slight 
depression between them, indicating the site of the crico-thyroid 
membrane. These parts lie, one below the other, in the middle line 
of the neck, and are the guides in the operation of laryngotomy 
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and tracheotomy. The operation of larjngotomy consists in 
dividing the crico-thyroid ligament transversely close to the 
cricoid cartilage, that the incision may be as distant as possible 
from the vocal cords. 

Passing from the front towards the side of the cricoid cartilage^ 
notice the origin of three muscles, namely — the * crico-aryte- 
noideus lateralis 'along the upper edge (fig. 2); the * crico-thyroid' 
in the middle (fig. 1) ; and, lower down, a portion of the * inferior 
constrictor of the pharynx.' 

At the back part of the cricoid cartilage (fig. 3) there is on 
either side a broad excavation for the origin of the * crico-aryte- 
noideus posticus.' Generally these muscles are separated by a 
slight vertical crest which gives attachment to some of the longi- 
tudinal fibres of the oesophagus. At the top of the cricoid are 
the two small oval articular surfaces, one on each side, for the 
arytenoid cartilages, to be examined presently. 

The side of the cricoid articulates with the inferior comu of 
the thyroid cartilage by means of a perfect joint, provided with a 
synovial membrane and ligaments. The structure of this joint 
permits the two cartilages so to move upon each other that their 
opposite borders can be approximated by the * crico-thyroid' muscle. 
It deserves especial attention, because the degree of this approxi- 
mation regulates the tension of the vocal cords. 

Lastly, the lower border of the cricoid is horizontal, and con- 
nected to the first ring of the trachea by an elastic membrane. 

Arytenoid Cartilagres and Comicula Ziaryngris. — The 
arytenoid cartilages, so named from their resemblance to an 
ancient ewer {apvTaLva\ are situated, one on each side, at the 
upper part of the cricoid (fig. 3). Each is somewhat pyramidal 
in form, with the apex above, looking towards its fellow, and 
slightly curved backwards. The apex of each is surmounted by 
a nodule of cartilage, termed the ' cartilage of Santorini ' (* comi- 
culum laryngis '). The base presents an oval concave surface, 
which forms a perfect joint, with a corresponding convex surface, 
on the cricoid cartilage. This joint has a loose synovial membrane 
and ligaments, so that the arytenoid cartilages admit of being ap- 
proximated or separated, a freedom of motion which is essential 
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to the dilatation and contraction of the glottis or chink between 
the true vocal chords through which the air enters the trachea. 

Tubercles of the Arjtenold. — At the base of each arytenoid 
cartilage (Plate LVII. fig. 2) observe the anterior tubercle to 
which the true vocal cord is attached, and the posterior tubercle, 
which gives insertion to two muscles — namely, the * crico-arytenoi- 
deus lateralis * and the * crico-arytenoideus posticus ' : these muscles 
are inserted, not into the same side, but into opposite sides of the 
tubercle : the eflfect of which is that they antagonise each other. 

Each arytenoid cartilage has three surfaces — a posterior, an 
anterior or external, and an internal. The posterior surface is ex- 
cavated and has attached to it the * arytenoideus ' muscle (fig. 3), 
which crosses from one cartilage to the other, and fills up the gap 
between them. The anterior surface is also excavated, and 
occupied by the insertions of the * crico-arytenoideus lateralis' 
-and the * thyro-arytenoideus.' The internal surface is flat, looks 
towards its fellow of the opposite side, and contributes to form part 
of the margin of the glottis. 

Splgrlottls. — ^The epiglottis is a structure composed of yellow 
elastic cartilage situated at the base of the tongue, and projecting 
over the upper part of the larynx like the flap of a valve. In shape 
it somewhat resembles the leaf of an artichoke. Its apex is at- 
tached to the angle of the thyroid cartilage. Its ordinary position 
is perpendicular, or nearly so, leaving the glottis free for respira- 
tion ; but during deglutition the larynx is raised, and the tongue 
is depressed, so that the epiglottis becomes more horizontal, drops 
like a valve over the top of the larynx, and tends to prevent the 
entrance of food into it. This falling of the epiglottis is not pro- 
duced by any special muscle ; it is simply mechanical. 

Cnnelfonn Cartilagres. — These cartilages are the smallest 
and least essential of the whole group. They are found in the 
* aryteno-epiglottidean fold,' a prominent line of mucous membrane 
running on each side from the edge of the epiglottis to the apex 
of the arytenoid cartilage. They are thin and narrow, not much 
larger than pin's heads and not constant. 

Thus there are nine cartilages in all, of which four — namely, the 
thyroid, cricoid and twoarytenoid — are composed of hyalinecartilage 
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and are prone to ossify in old age. The remaining five are of 
yellow elastic fibro-cartilage, and have but little tendency to ossify* 

Vooal Cords, True and False. — ^The vocal cords are four 
elasticligamentSy two on each side, extending horizontally backwards 
from the angle of the thyroid cartilage to the anterior part of the 
arytenoid. The two lower, and the most important, are termed 
the * true ' vocal cords, because, by their vibration, they produce 
the voice: the two upi)er cords are called * false,' because they 
have little or nothing to do with the voice. The rapidity and 
accuracy with which the true vocal cords can change their tension, 
their form, and the width of the slit between them, render the 
voice the most perfect of musical instnmients. 

Attaolunents of Vooal Cords. — ^The precise attachments of 
these cords are best seen in the dried larynx, in which all the sur- 
rounding soft parts have been removed, as shown in Plate LVII. 
fig. 2. The true vocal cords are attached in front close together 
to the angle of the thyroid cartilage, about a quarter of an inch 
firom its lower edge, and they diverge as they pass backwards to be 
attached to the anterior tubercle of the base of the arytenoid. The 
fiedse cords also proceed from the angle of the thyroid a little higher - 
than the true, to about the middle of the firont part of the aryte- 
noid. In the recent larynx these cords are not fi-ee all round, like 
the strings of a \'iolin ; they are only free along the sides which 
face each other ; everywhere else the true cords are in contact with 
muscle, and the false with fat and areolar tissue. 

Ziengrth of Vocal Cords. — What is the length of the true 
vocal cords? During life, their length is continually varying, to 
a slight degree, with the pitch of the voice ; but, in the dead 
subject, they are about five-eighths of an inch in the adult male. 
From an examination of several male larynges, the cords are 
found to differ more or less in length in different individuals, 
though not more than one-twelfth of an inch. These individual 
differences in the length of the cords make corresponding varia- 
tions in the natural tone of the voice : e.g. tenor, barytone, or 
bass. A deep voice coincides with the longer cords ; a shrill 
voice with the shorter. In the female the cords are about one- 
fourth shorter than in the mah?T In boys, too, they are much 
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shorter than in the adult ; hence the peculiar voice of boys. At 
puberty the cords lengthen with the development of the larynx^ 
and the voice is said to break. 

Ventricles of the larynx. — In the perfect larynx is a little 
recess on each side between the true and the false vocal cords, like 
a little side pocket. These recesses are called * the ventricles ' of 
the larynx, and are best examined by cutting open the larynx. Their 
shape, depth and situation are represented in the outline of the 
subjoined fig. 78, taken from a transverse perpendicular section of 
the larynx. They appear to allow free space for the vibration of the 
vocal cords and probably strengthen the voice. They are lined by the 
mucous membrane of the larynx, and the bottom of each is supported 
by the * thyro-arytenoideus ' muscle. The length of the ventricles 
from before backwards corresponds with the length of the vocal 
cords. Their greatest vertical depth is towards the front, which is. 
the part represented in the section. 

Fw. 78. 
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PBBFBNDICULAB SBCTIONi SHOWIKO THE VBNTBICLBS OF THE LABTNZ. 

Size of the Ventricles.— The ventricles of the larynx are^ 
large enough to lodge a foreign body, such as a pea. A pill forced 
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down a child's throat against its will has been known to catch in 
one of the ventricles, and occasion death, after a few struggles, 
from spasm of the glottis. 

&ima Olottldl*.— The term * rima glottidis ' or * glottis * is 

applied to the interval between the true vocal cords through which 

Fio. 79. the air i)asses into and out of 

^ .^ _.., the trachea. It is about one 

Thyroid cartilage. 

inch in length. Its boim- 
daries (fig. 79) are formed by 
the vocal cords and by the 
arytenoid cartilages. The vo- 

Arytenoid cartilage. ^^ ^^^^^ ^^^ ^^^^ ^^^ ^^^ 

Elastic ligament. ^^.j^^. two-thirds, the cartilages 

about the posterior third of the 

6HAPR OF THK OLOTTIS ^ 

WHEN AT BEST. opcuiug. Thc glottis admits of 

being made wider, or narrower, or may even be completely closed, 
by the action of muscles which we shall examine presently. In a 
state of rest it is triangular ; the apex being in front at the 
thyroid cartilage, and the base between the arytenoid, as shown in 
fig. 79, where the arytenoid are cut through on a level with the 
vocal cords. When the glottis is dilated in inspiration by the 
^ crico-arytenoidei postici,' it becomes spear-shaped, as seen in 
fig. 81. During expiration the glottis gradually resumes its 
triangular shape or state of rest; and this return to a state of re- 
pose is effected, not by muscle, but by an elastic ligament shown 
in fig. 81, which draws the arytenoid cartilages towards the mesial 
line. The glottis, like the chest, is dilated during inspiration by 
muscular tissue ; like the chest, also, it is contracted during expi- 
ration by elastic tissue. 

znuscles of the Ziarynx. — ^There are nine muscles which act 
specially upon the rima glottidis — four on each side, and one in 
the middle. The four on each side are the ' crico-thyroidei,' the 
'^ crico-arytenoidei postici,' the * crico-arytenoidei lateniles,' and 
the Hhyro-arytenoidei.' The single one in the middle is the 
•^ arytenoideus.' 

Crico-tbyroid ZHuBcles. — The * crico-thyroid ' is a short and 
strong muscle. It arises from the side of the cricoid cartilage, 
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and ia inserted into the lower border of the thyroid, inclading the 
lesser coma. Its action is to stretch the vocal cords. It does 
this by depreasing the thyroid caxtilage, the aryteDotd cartil&ge 
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remaining fixed. Under this condidon the thyroid cannot be 
depressed withoat increasing the distance between the attachments 
of the Tocal cords, as shown by the dotted line in fig. 80. Con- 
sequently the ' crico-thyroid,' when in action, must elongate the 
vocal cords. 

Fto, 81. 
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Oiioo-arrt«iiold0l Fcwtlol. — Each ' crico-arytenoideus posU- 
cns ' arises from the posterior ]>art of the cricoid cartilage, and is 




274 



THE LABTirX. 



inBerted iuto the posterior tubercle of the arytenoid. The muscle- 
is seen in action (denoted by wavy liueH) in fig. 81. Its action 
is to dilate the glottis. It does this by drawing the posterior- 
tubercle of the arytenoid tmvarda the mcBial line, and therefore 
the anterior tubercle from the mesial line. In this movement 
the arytenoid cartilage rotates ui>on the cricoid as mwn a pivot. 
Moreover, the arytenoid cartilage is a lever of the first order ; the 
fulcrum or ideal pivot being intermediate between the power at 
the posterior tubercle and the weight or resistance at the anterior. 
The mnscle in question is a most important one. It is a muscle 
of inspiration. It dilates the glottis every time we inspire.. 
During expiration, when the glottis is restored to its state of rest, 
not by muscular action, but by an elastic ligament, the * crico- 
arytenoid,' marked in fig. 81, the ipuscle relaxes, and has time t4> 
rest. This alternate contraction and relaxation of the ' crico- 
arytenoidei poatici ' is perpetually going on, from the first moment 
of life till the last. 

Crloo-arrtamoldana Kataralls. — Each ' crico-arytenoideus 
lateralis ' arises from the upper border of the cricoid cartilage, and 
is inserted into the posterior tubercle of the arytenoid. Its action 
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is to assist in closing the glottis, as seen in fig. 82. It does tliis 
by rotating the aiytenoid cartilage in a way directly the reverse of 
the muscle last exiimined. 
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ArjtenoldeiiB. — The ^ aryt^noideus ' muscle arises from the 

1)ack of one arytenoid cartilage, and is inserted into the back of 

the other. (Plate LVII. fig. 3.) It clasps the two cartilages 

together, and therefore assists very materially in closing the 
glottis.iw 

Thyro-aiTtenoldel.—Each of these muscles arises from the 
angle of the thyroid, and is inserted into the front surface of the 
base of the arytenoid. They relax the vocal cords, since they t^nd 
to draw together the cartilages to which they are attached. More 
than this, they assist in narrowing the glottis. But their special 
action appears to be that of bringing the lips of the glottis 
parallel to each other ; that of placing them, in feet, in the 
* vocalising ' position. The glottis must be made not only a very 
narrow chink, but its lips must be brought parallel to each other, 
before they can be made to vibrate by the stream of the air, 
in such a manner as to produce voice or song. The motions of 
the glottis in singing, speaking, breathing, and coughing can be 
distinctly seen in the larjmgoscope. 

The following is a tabular arrangement of the action of the 
muscles of the larynx : 

J Crico-thyroidei stretch the vocal cords |goyem the pitch of 

AiTTAOomsTS I Thyro-arytenoidei relax the vocal cords J the note*. 

/ Crico-arytenoidei postici open the fl;lottis...\ ^, 

\r^ . j-f. 1^ I govern the opening 

J Cnco-arytenoidei laterales . close the glottis... \ «^ fk- ^i^^fT- 
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I Ary tenoideus 



glottis... I of the glottis. 
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THE ANATOMY OF THE EAR. 

In describing the anatomy of this intricate and delicate organ, 
a general outline of its structure will first be given, and afterwards 
the details of its several parts. 

Oeneral Zdea of the suldeot. — ^To obtain a general idea of 
the organ of hearing, look at the diagram, fig. 1, Plate LVIII. In 
this is seen, the elastic fibro-cartilage termed the * pinna * of the 
ear, which collects the sonorous undulations of the air, and trans- 
mits them down the passage called the ^ meatus auditorius ezter- 
nus.' This passage, about an inch and a quarter in length, is a 
little contracted in the middle, where its floor is a little raised. 
It is closed at the bottom by a fibrous membrane (membrana 
tympani) which is fixed in a groove in the bone, is placed 
obliquely, and stretched in all respects like the parchment of a 
drum, except that its outer surfece is a little concave. 

Tympanmn. — On the inner side of the membrana tymjmni is 
a small chamber in the substance of the temporal bone, termed 
thp ' tympanum ' or middle ear. This chamber is filled with air, 
which is admitted through a tube (Eustachian tube) about an inch 
and a half long, leading from the back part of the nostrils into 
the front part of the tympanum. Thus there is an equilibrium of 
air on both sides of the membrana tympani. In fact, the Eus- 
tachian tube performs the same office for the ear as the hole which 
is made in the side of a drum for the necessary purpose of open- 
ing a communication with the external air. Opposite to the Eus- 
tachian tube, that is, at the back part of the tym^mnum, are the 
irregular openings of the mastoid cells, which also contain air. 
All these air cavities are lined by a continuation of the mu- 
cous membrane which lines the passages of the nose. This ex- 
plains the degree of deafness which is often produced by a common 
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cold, or other disease of the throat; the Eastachian tube being 
temporarily obstructed by the swelling of its lining membrane. 
OBslonla AuditiiB. MalleoB, Znoos, and Stapes. — In the 

tympanum itself we find three little bones (ossicula auditus) known 
separately by names more descriptive of their shape than their 
office — * malleus,' * incus,' and * stapes.' These bones are connected 
by perfect joints, so as to form a continuous chain, surrounded by 
atmospheric air, across the cavity of the tympanum ; and the 
mucous membrane is reflected over them. The handle (manu- 
briimi) of the malleus at one end of the chain is attached to the 
* membrana tympani,' and the foot-plate of the stapes at the other 
end closes the * fenestra ovalis,' an opening on the inner wall of 
the tympanum leading to the * vestibule ' of the internal ear. Both 
ends of the bony chain are attached to membrane, since the foot- 
plate of the stapes does not exactly fit into the fenestra ovalis ; 
membrane intervening between their edges. Moreover, certain 
little muscles are attached to the bones, and slacken or tighten the 
membranes. Besides the fenestra ovalis, there is another opening 
in the inner wall of the tympanum, called the * fenestra rotunda.' 
It leads into the cochlea and is closed by membrane. 

Zntemal Sar. — The internal ear, often called, on account of 
its intricacy, the ' labyrinth,' consists of a little chamber termed 
the * vestibule,' the three * semicircular canals,' and the * cochlea.' 
All these parts are embedded in the petrous portion of the tem- 
poral bone, like passages cut out of a solid rock. Hence the great 
difficulty of exploring them. Bear in mind their relative posi- 
tion. The * vestibule ' is in the middle, the canals are behind, 
and the cochlea is in front. 

Vesttbule. — The vestibule communicates, behind, with the five 
openings of the semicircular canals ; in front, with the cochlea ; on 
the outer side with the tympanum through the fenestra ovalis (oc- 
cupied by the stapes) ; and on the inner side by minute apertures 
with the meatus auditorius intemus, through which the auditory 
nerve enters the ear. These apertures transmit those branches of 
the auditory nerve which supply the membranous contents of the 
vestibule and the semicircular canals. 

Cochlea. — ^The cochlea, so named from its resemblance to a 
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snail's shell, is an exceedingly curious structure. It is placed so 
that the base of the shell corresponds to the bottom of the meatus 
auditorius intemus, while the apex points forwards and outwards 
towards the Eustachian tube. It is formed by the spiral con- 
volutions of two gradually tapering tubes, or rather by one tube 
separated into two compartments by a longitudinal septum 
(lamina spiralis), composed partly of thin bone, but chiefly of 
membrane. In the diagram the course of the septum is indicated 
by a dotted outline. This septum is the most important part of 
the cochlea, because the auditory nerve expands upon it. It runs 
all through the tube, except at the apex, where it suddenly termi- 
nates in a curved hook, and leaves an aperture (helicotrema), so 
that the two portions of the tube communicate. One portion 
of the tube (scala vestibuli) opens into the vestibule ; the other 
portion (scala tympani) leads into the tympanum through the 
* fenestra rotunda.' This last foramen is open only in the dry bone ; 
in the recent state the fenestra rotunda is closed by the * mem- 
brana tympani secundaria,' which therefore has the air of the 
tympanum on the one side and the fluid in the cochlea on the 
other. The central pillar of the cochlea round which the tube 
makes two and a half turns is called the * modiolus ' or * axis.' 

Semloiroular Canals. — The semicircular canals are three in 
number, and are called, from their position, ^ superior,' * posterior,' 
and ' external.' They are placed in planes at right angles to each 
other like the faces of a cube. Each canal forms the greater part 
of a circle, and opens at each end into the vestibule. There are 
only five openings, since two of the canals have an opening in 
common. Each canal has a dilatation at one end termed the 
' ampulla ; ' this makes room for a corres}X)nding dilatation of the 
membranous canal within it, upon which the auditory nerve ex- 
pands. The * ampulla,' therefore, is the most important part of 
each canal. 

Vses of these Szoavations. — These curious and elaborate 
excavations in the petrous bone form receptacles for a fluid in 
which floats the delicate membrane destined to receive the 
terminal filaments of the auditory nerve. This membrane is the 
very essence of the organ of hearing. It is to the ear what the 
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Tetina is to the eye. In the vestibule and semicircular canals it 
forms a continuous, but closed sac, which copies pretty accurately 
the shape of these cavities, without being in contact with their 
bony walls. It is bathed within and without by a thin albuminous 
fluid. That part of the fluid within the membrane is called the 
' endolymph ' ; that without, the * perilymph,' or ' liquor Cotunnii.' 
Within the cochlea the membrane is arranged in a different 
manner. It forms here the greater part of the * lamina spiralis,' 
and encloses a third scale or spiral passage, the ^ canalis mem- 
branacea,' or ' canalis cochleae,' absent in the macerated labyrinth. 
Inside this membranous canal is a series of cellular bodies ar- 
ranged in a very complicated manner, and known as the * organ of 
Corti.' The membranous canal is filled with endolymph; the 
cavities of the scala vestibuli and scala tympani are occupied by 
perilymph. 

The auditory nerve enters the ear through the meatus audi- 
torius intemus. At the bottom of this passage are a multitude 
•of small foramina, which transmit the minute subdivisions of the 
nerve to their respective destinations. Some are distributed upon 
the sac in the vestibule ; some upon the dilatations (ampullae) of 
the membranous semicircular canals ; others nin down the axis 
of the cochlea, and are distributed to the structures within the 
•canalis membranacea. 

Probable Function of these several Parts. — Now for the 
•explanation, usually received, of the function of these several 
parts. The waves of sound, collected by the cartilage of the ear, 
pass down the external auditory passage, strike upon the mem- 
brana tympani, and cause it to vibrate. These vibrations are 
carried by the little bones across the tympanum to the membrane, 
which closes the ' fenestra ovalis,' or opening into the vestibule. 
'Tliis membrane, thus thrown into vibration, conmiunicates motion 
to the fluid in the labyrinth ; the filaments of the auditory nerve 
receive the impression and transmit the sensation of sound to the 
brain. The vibrations of the membrana tymj)ani excite corre- 
sponding vibrations in the air within the cavity of the tympanum, 
which again communicates them to the membrane closing the 
fenestra rotunda, and through this they reach the cochlea. Here 



»f 



280 TEE ANATOMY OF THE EAB. 

we have a ready explanation of the use of the fenestra rotunda 
and the membrane closing it : that is, we have, interposed between 
air and a fluid, a tense membrane, which is the very best medium 
for transmitting, with increased intensity, vibrations from one ta 
the other. 



After the preceding sketch of the anatomy of the ear, proceed 
now to a more minute examination of its component parts. It is 
taken for granted that the learner is already familiar with the 
anatomy of the temporal bone described at page 52. 

Meatus Aadltoiius Bxtemas. — ^This passage leads to the 
membrana tympani. Its outer third is formed by a tubular con- 
tinuation of the cartilage of the ear ; its inner two thirds by the 
osseous canal in the temporal bone. The cartilaginous part is 
united by fibrous membrane to the rough margin of the processus 
auditorius. The cartilage, however, does not itself form a com- 
plete tube ; there is a slight deficiency at the upper part, com- 
pleted by fibrous membrane. There are also one or two vertical 
fissures in the cartilage. These breaks in the cartilage give 
greater freedom of motion ; they are interesting practically, as ex- 
plaining how collections of matter in the parotid gland sometimes 
make their way into the meatus auditorius. 

Ziengrth. — ^The length of the meatus, measured from the 
middle of its external orifice to the middle of the membrana 
tympani, is about one inch and two or three lines. The anterior 
wall is about one-fourth of an inch longer than the posterior, in 
consequence of the oblique direction of the membrana tympani. 

Direction. — The direction of the meatus is inwards and for- 
wards. It describes a slight curve with the concavity downwards. 
Besides this general curve, the cartilaginous part is slightly 
curved with the concavity forwards, and the osseous part with the 
concavity backwards. Altogether, the meatus has such a curious 
shape that it cannot be well imderstood without looking at a cast of 
it. Every surgeon knows how difficult it is to see the whole of the 
membrane of the tympanum at one view : one can seldom see more 
than a part of it, however much the ear be dilated and pulled so as to 
straighten the outer curve. The narrowest part of the meatus is. 
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about the middle. Beyond this point we ought not to introduce 
the speculum. 

Meatus In tbe Zn&nt. — ^The preceding description of the 
external auditory meatus refers to its condition in the adult. In 
infancy, the meatus is extremely short on account of the non- 
development of the bony portion, which at this period is a mere 
ring (see ^Temporal Bone'). The membrana tympani, too, is 
almost on the plane of the base of the skull ; this is a conspicuous 
feature in the cranium of a new-bom child, where the membrane 
absolutely lies on the floor of the meatus. It is most important 
that a surgeon should bear these facts in mind when examining 
the ears of very young children. 

Insects sometimes find their way down the meatus and cause 
intense pain. An instance is related by Wilde ^^ which is worth 
giving, if only to show how to dislodge them : ' I remember being 
out shooting with a fidend, who, suddenly exclaiming, " Oh, an 
earwig ! '* and throwing aside his gun, felj on the ground, making 
the most piteous groans, and rolling about in agony. Suspecting 
that some insect had got into his ear, I procured some water from 
a ditch, and poured it into the meatus. While watching the 
result, a little animal, well known among anglers as the hawthorn 
fly, crept out, and my fidend was instantly relieved.' 

Membrana Tyn&panl. — ^The membrana tympani is a thin,, 
semi-transparent, fibrous membrane, of a greyish colour, placed 
very obliquely at the bottom of the meatus auditorius extemus. 
Its direction is downwards, forwards, and inwards. This obliquity 
increases the extent of surface ; so that every wave of sound, re- 
flected down the meatus, must fall upon it. Its circumference, 
which is nearly circular, is fixed into a groove in the bone, so fine 
that it might have been traced with the point of a needle. (Plate 
LVIII. fig. 2.) This groove, however, does not form a complete 
circle : it is deficient at the upper part, where the membrana 
tympani is, more obviously than elsewhere, continuous with the 
skin lining the meatus. 

The membrana tympani is not flat, like the parchment of a 
drum, but slightly conical, with the apex towards the tympanum. 
This shape seems given to it by the handle of the malleus^ 
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which draws the membrane a little inwards. The handle of 
the bone can be seen in the living subject, like -a thin white 
streak, which is not quite vertical, but inclines slightly back- 
wards. 

Many times a hole exists in the upper part of the membrane, 
even in cases where there is no obvious defect of hearing during 
life. This sufficiently explains why some persons who are not deaf 
can blow the smoke of tobacco through the ear as well as through 
the nose. 

S truc ture of the Membraaa TTinpant. — ^Thin as it is, the 
membrana tympani is very strong. It has three strata ; an outer 
stratum of cuticle ; a middle, fibrous, on which its strength chiefly 
depends ; and an internal, mucous. (Plate LX. fig. 3.) The 
middle stratum is composed of fibres radiating and circular, but 
no longer considered muscular. It is this coat which is fixed into 
the bony groove, and contains in its very substance the handle of 
the malleus. The dermal stratum is composed of an extremely 
thin layer of the true skin, continuous with that lining the meatus 
auditorius extemus. The mucous lining is continuous with the 
lining of the tympanum. The membrane is well supplied with 
blood by arteries derived from the stylo-mastoid and the tympanic 
branch of the internal maxillary. 

TTmpanum, or Middle Bar. — We need not repeat what has 
been said already about the tympanum, but j>ass on to examine 
what is to be seen on its several aspects, namely : its external 
aspect, its internal, its anterior and posterior, its superior and 
its inferior. 

liZtemal Aspect. — On the outer aspect of the tymj)anum 
there is the bottom of the meatus auditorius, closed by the mem- 
brana tympani. 

Zntemal Aspect. — On the inner aspect of the tympanum 
(Plate LVIII. fig. 2) are seen — 1. The fenestra ovalis leading to 
the vestibule : this is open in the dry bone, but closed in the 
recent state by the base of the stapes which is held to the margins of 
the fenestra by ligamentous fibres. The fenestra ovalis looks out- 
wards towards the membrana tympani. 2. The fenestm rotunda : 
this, in the recent state, is also closed by membrane (membrana 



THE ANATOMY OF THE EAB. 283 

tympani secundaria) ; in the dry bone it leads to the tympanic 
scale of the cochlea, and also into the vestibule ; but the fenestra 
does not communicate with the vestibule in the perfect state. 
The fenestra rotunda looks almost directly backwards. 3. The 
promontory : this is formed by the bulging of the first turn of the 
cochlea ; its surface is marked by grooves for the ramifications of 
Jacobson's nerve. 

Anterior Aspect. — On the anterior aspect of the tympanum, 
we have — 1. The bony canal for the 'tensor tympani' (in the 
drawing, this canal is cut open). Just before its termination in 
front of the fenestra ovalis, the canal makes a sudden curve out- 
wards, in order to form a little pulley for the tendon of the muscle 
within. In most bones this part of the canal is broken, and has 
the appearance of a little spoon ; for this reason, it is called the 

* processus cochleariformis.' 2. The Eustachian tube. 3. The 
orifice of the Glaserian fissure which transmits the * laxator tym- 
pani ' and the chorda tympani nerve. In about five specimens out 
of six, the chorda tvmpani runs through a little canal, close to, and 
a little above the Glaserian fissure ; but this ' canal of Huguier,' as 
it has been termed, is of no practical moment, and hardly deserves 
a new name. 

Posterior Aspect. — On the posterior aspect of the tym- 
panum, are — 1. The opening into the mastoid cells. 2. The 
pyramid — a small projection containing a canal, about the size of 
a bristle, which lodges the * stapedius muscle.' At the base of 
the pyramid (but within it) are two minute canals which transmit, 
the one an artery, the other a nerve, to the stapedius. The 
pyramid is always supported by a minute bony column, which 
extends like a flying buttress from its ai)ex to the promontory. 
-3. The foramen chordae, or * iter chordae posterius.' This minute 
foramen is a little below the level of the pyramid, and close to the 
^oove for the attachment of the membrana tympani. Introduce 
a bristle into it, and you find that it leads into the ^ aqueductus 
Fallopu.' It transmits the chorda tympani nerve. This nerve is 
a branch of the facial (which, remember, is contained in the 

* aqueductus Fallopii': see Ptite LX. fig. 4). It comes up 
Jthrough the foramen chordae, runs, not across the tympanum, but 
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across the membrana tympani, outside the mucous membrane, 
between the handle of the malleus and the long process of the 
incus ; it leaves the membrane through the Glaserian fissure (or 
through a distinct canal) and, joining the gustatory, eventually 
goes to the submaxillary ganglion. 

Superior Aspect. — On the superior aspect of the tympanimi 
is a thin plate of bone which separates the cavity of the tympa- 
num firom that of the cranium. This is an important relation. 
For it shows how readily inflammation might spread from the 
tympanum to the base of the brain. 

Inferior Aspect. — ^The inferior aspect, or floor of the tympa- 
num, is formed by the jugular fossa, which lodges the jugular 
vein. A little in front of this fossa is the canal for the carotid 
artery, which is separated from the tympanum only by a thin 
scale of bone. The vicinity of these great vessels explains the 
sudden and proftise haemorrhage which sometimes, though rarely, 
occurs from the ear when diseased. Professor Porter speaks of 
blood gushing from the ear with a rapidity such as he never 
witnessed in a surgical operation.*®^ Ulceration had extended into 
the carotid artery. 

In another case of sudden and profuse bleeding from the ear, 
Mr. Syme tied the carotid artery.^^® The patient died. He however 
tied the carotid in another similar case in which the patient 
recovered. Dissection discovered that the blood came from the 
lateral sinus, near the j ugular fossa, the thin bony septum between 
that fossa and the tympanum having been destroyed by ulceration. 
Looking at the proximity of these large vessels, there is no 
wonder that bleeding from the ear, after injury to the head, makes> 
one suspect the existence of a fracture through the tym2:>anum. 

In the floor of the tympanum there are a number of minute 
holes, among which especially note one^ the upper opening of the 
canal for Jacobson's nerve. The lower opening of the canal is at 
the base of the skull, on the little crest of bone which separates 
the jugular fossa from the carotid canal. The nerve in question 
is a branch of the glosso-pharyngeal. It enters the tympanum, 
and ramifies upon the promontory, forming what is called the 
* tympanic plexus.' It supplies the mucous membrane of the 
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tympanum. Its principal branches are generally indicated by 
grooves made for their passage on the promontory. In a prepara^ 
tion where there appeared to be neither groove nor nerve, the 
nerve was subsequeatly found lodged in a complete bony canal 
within the promontory. 

AqnedootoB raDopU. — The ' aquedoctus Fallopii,' or canal for 
the &cial nerve, which supplies all the muscles of expression of 
the face (Plate LIX. lig. 1.), commences at the bottom of the 
meatus auditorius intemus ; it runs for a short distance outwards, 
then turns horizontally backwards along the inner wall of the 
tympanum, just above the fenestra ovalis, and, lastly, descending 
behind the tympanum, emerges at the stylo-mastoid foramen. Ita 
course suggests how liable the nerve ie to be injured in fracture 
through the temporal bone, or in disease of the ear. While in 
this canal the nerve sends o£f three important branches, all to 
ganglia. These are shown in Plate LX. fig. 4. The first branch, 
the greater petrosal, or Vidian, runs down the hiatus Fallopii to 
the spheno-palatine ganglion ; the second, or lesser petrosal, goes 
to the otic ganglion ; the third, or chorda tympani, runs with the 
gustatory nerve to the eubmaxilUry gangUon. Two less impor- 
tant nerves are also given oEF from the facial in the aqueductus 
Fallopii, namely, the external petrosal which communicates with 
the sympathetic on the middle meningeal artery, and the nerve to 
the stapedius muscle. 

The objects seen on the inner wall of the tympanum may be 
better understood in the following tabular form : — 
Fio. 83. 
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&lttl« Bones In the TTmpannm. — ^The three little bones 
in the tympanum are drawn larger than natural, but in their 
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proper relative position, Plate LIX. figs. 2, 3, 4, and 5. In fig. 3^ 
you are supposed to be looking at them from the meatus audi- 
torius ; in fig. 2, frcm the inside of the tympanimi. The dotted 
line in each figure is intended to represent the outline of the 
membrana tympani. 

MaUeus. — The malleus or hammer presents a head, a neck^ 
and a handle (manubrium). The ^ head ' is the large round part 
above the membrana tympani. It articulates posteriorly with the 
incus by means of a concavo-convex joint, crusted with cartilage 
and provided with a sjmovial membrane. The 'neck' is the 
narrow portion between the head and the handle. From the 
front of the neck springs the ' long process ' or * processus gracilis ^ 
which runs down the Glaserian fissure and gives insertion to the 
Maxator tympani.' In infants this * processus gracilis' may be 
removed whole, together with the rest of the malleus ; but, in 
the adult, it is adherent to the temporal bone and cannot be ex- 
tracted entire. The handle or ' manubrium ' descends nearly 
perpendicularly firom the neck. Near the root of the handle is a 
little projection called the ' short process,' which presses against 
the upper part of the membrana tympani. The handle itself ter- 
minates in a slightly flattened, outwardly curved extremity, a 
little below the centre of the membrane. On the inner side of 
the handle, and below the processus gracilis, is inserted the * tensor 
tympani.' 

Rigrht or Zieft? — This bone will be in the same position as 
the corresponding one in the student's body, if he hold the 
articular surface backwards, the handle downwards, and the pro- 
cessus brevis outwards. 

ZncuB. — The incus, or anvil, lies behind the malleus. It has 
a body, a short, and a long process. The body is convex, placed 
above and behind the membrana tympani, and has a concavo- 
convex surface which articulates with the head of the malleus. 
The ' short process ' extends horizontally backwards into the 
mastoid cells, and is fixed there by a ligament. The * long 
process ' descends nearly vertically, parallel to the handle of the 
malleus, and, like it, is a little convex outwardly. Towards the 
extremity it suddenly turns up and supports, on a narrow 



THE AKATOMT OF THE EAR. 287 

pedicle, the orbicular process formerly termed * os orbiculare'' 
(fig. 5). 

Rlgrht or Zielt f — This bone will be in the same position as 
the corresponding one in the student's body, if he hold the short 
process backwards, the long process downwards and inwards. 

Ob Orblonlare. — The little ^ os orbiculare,' considered by 
some as a separate bone, is always anchylosed in the adult to the 
long process of the incus ; but it is connected with the stapes by a 
very distinct joint. 

The StapeB.— The stapes, or stirrup, is placed horizontally ,_ 
with the base in the fenestra ovalis. It has a head, a neck, two 
* crura ' or branches, and a base or foot-plate. The head articu- 
lates by a concave surface with the orbicular process of the incus. 
The neck gives attachment behind to the ^stapedius.' (Plate LX. 
fig. 2.) The anterior branch of the stirrup is shorter and less- 
curved than the posterior ; both are grooved on their concave 
sides, and the interval is closed by a membrane. It has been 
stated that the groove in the cms forms half an Haversian canal,, 
lodging a small vessel. ^^^ The 'base' is similar in form to the 
fenestra ovalis, which it nearly fills, and their margins are united 
by an annular ligament. The lower border of the base is straighter 
than the upper, and its anterior extremity is the sharpest. 

RlflTlit or Zielt f — This bone will be in the same position as 
the corresponding one in the student's tympanum, if he hold the 
base inwards, its straighter side downwards, and the shorter limb 
forwards. 

OBBlfloatien. — ^All the bones in the tympanum are ossified 
and well developed at birth. The ear-bones of a new-bom infant 
and those of the giant O'Brien, seven feet seven inches high„ 
are very nearly the same size. Of the four bones, the 8ta])e8 
is the most essential to hearing. Disease may destroy the 
others, and still the patient may hear: but when the stapes 
falls out, the fluid in the vestibule escapes, and inevitable deaf- 
ness results. 

Zilttle MnBcles movinff tbe Bones in tbe Tyn&pannm. — 
There are two well-marked muscles with distinct tendons attached 
to the bones in the tympanum, namely, the tensor tympani and 



*288 THE ANATOMY OF THE EAB. 

the stapedius. (Plate LX. figs. 1, 2.) The * laxator tympani ' is 
still described as a muscle by some anatomists, though its 
muscular structure is doubted by many. 

Tensor TTinpant. — The Hensor tympani' is a well-marked 
muscle. It arises firom the apex of the petrous bone, and from 
the cartilage of the Eustachian tube, and is inserted into the 
handle of the malleus, just below the processus gracilis. The 
muscle is lodged in the bony canal running above and parallel 
with the Eustachian tube ; and when its tendon reaches the end 
of the canal, which forms an elbow, it is reflected at a right 
•angle to reach its insertion. From origin to insertion the muscle 
is enclosed in a strong fibrous sheath. The tendon slides within 
the sheath, and has a synovial membrane. 

Ziaxator Tympani. — The ^ laxator tympani ' arises from the 
.^pine of the sphenoid bone, runs up the Crlaserian fissure, and is 
inserted into the processus gracilis of the malleus. Like the last 
muscle, it is surrounded by a sheath. Whilst there is no doubt 
whatever about the muscularity of the ^ tensor tympani,' many 
modem anatomists believe the * laxator tympani ' to be a ligament. 

Stapedius. — The ^stapedius' arises in the canal of the 
pyramid. Its little tendon, coming out of the canal at the apex, 
is reflected outwards, and inserted into the posterior part of the 
neck of the stapes. Anatomists are not agreed about the precise 
use of the stapedius. One of its actions would appear to be to 
tilt the stapes backwards, and thus diminish the pressure ujx>n the 
fluid in the vestibule. 

The internal ear or labyrinth, comprising the vestibule, semi- 
circular canals, and cochlea, should now be examined. And first 
of the vestibule, entered through the ' fenestra ovalis.' 

Vestibule. — The vestibule is of an ovoid form, measuring 
about ^th of an inch in its long diameter, and rather less in 
its short. Posteriorly it receives the five openings of the semi- 
circular canals and the opening of the * aqueductus vestibuli ' ; 
anteriorly, and at its lower part, is the opening into the vestibular 
scale of the cochlea ; on its external wall is the 'fenestra ovalis.' 
In all, then, there are eight openings into the vestibule. The 
internal wall of the vestibule corresponds with a part of the 
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bottom of the ' meatus auditorius intemus.' On this inner wall, 
as shown in Plate LXI.fig. 3, are two slight depressions separated 
by a bony ridge. The upper is called the ' fovea hemielllptica,' 
and lodges the utricle ; the lower, or * fovea hemisph erica,' lodges 
the saccule. The ridge dividing these ' fove» ' is known as the 
' crista vestibiUi.' The utricle and the saccule, as will be seen, 
are distinct parts of the membranous labyrinth. The foveie, as 
well as the crista vestibuli, are riddled with minute foramina, only 
visible with a lens, through which the filaments of the auditory 
nerve enter the vestibule. The vestibule and its eight open- 
ings are represented in the annexed diagram, fig. 84. 

Fia. S4. 
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Semlolronlor Canals. — The three semicircular canals are 
called, according to their position, the ' superior,' the ' posterior ' 
(both vertical), and the * external' (horizontal). The superior canal 
crosses the petrous bone at right angles, and stands out in relief 
on its anterior surface. Its ' ampidla * is at the outer orifice. The 
poaterior canal is the longest of the three. It rons parallel with 
the posterior surface of the petrous bone, and makes a little relief 
just above the aqueductus vestibuli. Itn ' ampulla ' is at the lower 
orifice ; its upper orifice joins the narrow end of the superior 
canal. The external canal is the smallest of the three ; it lies 
horizontally in the petrous bone behind the superior and external 
to the posterior canal ; its convexity is directed backwards. Its 
ampulla is at its outer orifice. 

OooUea. — ^The cochlea is so placed that its base is at the 
bottom of the meatus auditorius intemus, where it receives 
filaments &om the auditory nene. Its ax>ex is directed forwards 
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and oatwarda close to the canal for the teoBor tymponi. It makes 
two turns and a half^ which run from left to right in the right ear, 
and &om right to left in the left, round the central axis ienned 
the ' modioluB.' Its first turn, bulging into the tTmpannm, makes 
the 'promontory.' The outer wall of the coil is composed 
of a lamella of very hard bone, like the semicircular canals : the 
inner wall ia also formed of compact bone, but the interior 
of the 'modiolus' is spongy. The last half-torn presents jiecn- 
liarities, and the best way to examine them is to remove the * cu- 
pola ' or rounded apex of the cochlea, as seen in Plate LXI. fig. 4. 
The last turn forms a kind of half-funnel (infundibulmn). Into 
the apex of this funnel, which ia continuous with the modiolus, 
Fio. 8Ji. 
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there opens a canal which runs through the centre of the modi- 
olus. Round the free border of the half-funnel projects the hook- 
like termination (hamulus) of the lamina spiralis. All this is 
seen only in the dry bone. In the recent state there would be 
simply the aperture of communication (helicotremaX between the 
two scales of the cochlea. 

The tympanic scale runs on that side of the lamina spirnlia 
which looks towards the base of the cochlea. Near the beginning 
of that scale is the minute termination of the aqueductus cochlese. 
(Plate LXI. fig. 3.) 

Sonj Iiamlna Splralls.^The bony lamina spiralis, the only 
portion of the most essential part of the cochlea which can be 
seen in the dry bone, is shown in fig. 85. It commences at the 
lower part of the vestibule immediately above the fenestra rotunda. 
(Plate LXI. fig. 3.) From this, which is its broadest part, it 
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gradually diminishes id breadth ae it winds round the axis into the 
apex of the cochlea, never reaching more than half across the tube, 
and it finally terminates as a little hook (hamulus) in the funnel 
■of the last coil. On the coBcave side of this hook is situated (in 
the recent state) the helicotrema or aperture of coounnnication 
between the two scales. Examined with a lena, both surfaces of 
the lamina spiralis will be seen to be furroved by canals which 
give passage to the nerves before they reach the membranous part 
of the septum. It is composed of two very delicate and brittle 
plates which separate from each other at the axis. lu the tympa- 
nic scale are seen the orifices of the canals just alluded to ; they 
are separated by little columns of bone which give rise to a fluted 
iippearance, shown in fig. 85. These columns themselves are made 
up of bundles of little tubes, enclosing the filaments of the audi- 
tory nerve. 

FiQ. 86. 
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Xodloliu. The axis (modiolus) of the cochlea is conical. 

The base is at the bottom of the meatus intemue ; the apex does 
not extend beyond the second turn of the cochlea, and joins the 
furmel formed by the last coil. The axis is composed of brittle 
and porous bone, and its interior is traversed by numerous canals 
which transmit the cochlear nerves to the lamina spiralis, fig. 86. 
One canal {canaiis centralis TnodioU), larger than the rest, runs 
through the centre of the axis, and opens on its summit — that is, 
.it the apex of the funnel. It transmits a nerve to the last half 
turn of the lamina spralis. 
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Th« Ifsatiia Xatemna. — The meatus auditorlus internos i» 
situated on the posterior surface of the petrous bone. Its direc- 
tion is nearly horizontally - outwards ; its length, about three- 
eighths of an inch. Its diameter varies a little in different bones, 
but is always larger than that of the nerves which it transmits. 

The interval between the nerves and their bony canal is 
occupied by the cerebro-s))inal Quid. In fractures through the 
base of the skull, involving the meatus, this fluid sometimes oozes 
out through the external ear. Whenever you observe this after an- 
injury to tiie head, the case must be regarded as very grave. In 
thirteen cases of injury to the head admitted into St. Bar- 
tholomew's Hospital, blood or watery fluid flowed from the ear. 



pav to the cochlea. 



Of these thirteen, six died, and in all eix the corresponding 
petrous bone was found fractured. In the seven cases that re- 
covered, five had bleeding from the ear, and two only had a dis- 
charge of fluid. So that, although a watery discharge be a very 
unfavourable symptom, it is not necessarily a fatal one. 

By cutting away the greater part of the meatus, as in fig. 87, 
the bottom of it is found to be divided by a crest of bone into two 
compartments of unequal size, au upper and a lower. In the 
upper and smaller one, there are two openings, of which the 
anterior is the aqueductus Fallopii (transmitting the facial nerve); 
the posterior, when examined with a lens, presents a numbet of 
minute foramina which transmit the divisions of the vestibular 
nerves which supply the utricle, the superior and the external 
semicircular canals. 
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In the lower and larger depresaion, we observe the baae of the 
«xi8 of the cochlea, termed * lamina cribroaa,' because it has a 
'double row of foramina arranged spirally, as shown in the figure. 
Now take any one of these foramina, which api)ear scarcely larger 
than the point of a pin, magnify it with a lens, and you tind that 
it becomes a fossa pierced by holes varying in number from three 
to seven. So fine are the canals which transmit the filaments of 
the cochlear nerve ! In the centre of the lamina is the orifice of 
the central canal of the axis, which is the largest of all. Behind 
the lamina are two (sometimes three) openings leading to minute 
perforations which transmit the nerve to the * saccule.' Lastly, 
«n the posterior wall of the meatus is the orifice of a very constant 
Fio. 88. 

AmpoUft of fitenial Bemicircalu canal. — _^ ;;^| gSfcJj^^BB!?TBEy . 
Anpolls of posterior Mtoiciicnl&r eana). -^^M^^^^mSr^ C"^ — 



-canal (represented by the dotted outhne) which gives passage to 
the vestibular nerve of the posterior semicircular canal. 

Hemliraiioiu Iiabrrlntt. — The membranous labyrinth com- 
prises the two little bladders, termed the 'utricle' and the 
'saccule,' in the vestibule, and the membranous semircircular 
-canab together with part of the cochlea. It floats in the peri- 
lymph, and contains the endolymph. It is partly represented in 
fig. 88. 

Vtriol«. — The utricle occupies the upper half of the vestibule. 
It is very difficult to make a good display of it. The best way to 
esamioe it, is to remove very carefully the roof of the vestibule 
and that of the superior semicircular canal, and then to put the 
preparation into water. All the membranous semicircular canals 
-open into it. It floats free in the perilymph except at its foBBa, 
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the ^ fovea hemielliptica,' where it is retained against the sieve- 
like plate of bone through which the utricular nerves enter. 
The utricle sends a slender canal down the aqueductus vestibuli, 
which ends in a blind extremity outside that aqueduct at the back 
of the petrous part of the temporal bone. This canal is joined^ 
close to its origin, by another &om the saccule. Thus the 
utricle and saccule do communicate, though indirectly. 

SaooQle. — ^The saccule is smaller than the utricle and situated 
below it, close to its appropriate fossa, the * fovea hemispherica/ 
It is attached to this fossa by the saccular nerve in the same way 
as the utricle is attached by nerve filaments to the fovea hemi- 
elliptica. The saccule is connected with the membranous canal 
of the cochlea by a small duct, the * canalis uniens.' The utricle 
communicates with the saccule in the indirect manner just 
described. Hence the diflFerent parts of the membranous laby- 
rinth communicate throughout, like the same parts in the bony 
labyrinth. 

Otoliths. — On the inner wall of the utricle and saccule, at 
the spot where the nerves spread out upon them, is a small mass 
of crystals of carbonate of lime. The two masses are the 

* otoconia ' or * otoliths,' and are homologues of the large white 

* ear-stones ' seen in the cod and whiting, and found in most of 
the osseous fishes.^^^ 

XembranouB Semioiroalar Canals. — The membranous 
semicircular canals, except at their ampullae, fill only about one- 
third the space of the bony canals ; the remainder is occupied by 
the perilymph. The nerve destined to each membranous ampulla 
spreads out only on that surface of the ampulla which is towards 
the convexity of the rest of the canal. The nerve does not advance 
beyond the ampulla, but ramifies on a crescent-shaped septum 
(septum transversum) which projects into the interior. 

Membranous Cochlea. — The membranous cochlea forms a 
third scale, the ' scala media ' or ' canalis ' or ' ductus coohlearis ' 
(fig. 89), separating the scala vestibuli from the scala tympani. 
Its floor is attached to the margin of the bony lamina spiralis 
(L. Sp. 0. v., L. Sp. 0. T.^ and reaches across to the outer wall 
of the cochlea, to wnich it is attached by a process of periosteum,. 
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the * lig&mentam Bpirale ' (L. Sp.). This floor is named ' mem- 
biana baeilaria,' or * membranouB lamina spiralis.' The roof is a 
veiy delicate membranous lamina, the * membrane of Keissner ' ; it 
is turned towards the vestibular scale. Hence the ' scala media * 
is bounded by the 'membrana basilaris,' *tbe membrane of 
Reissner ' ; and the segment of the outer wall of the cochlea 

Fie. 89. 




included between the outer attachments of these two membranes. 
This ' canalis cochlearis ' communicates at one end with the saccule 
by the ' canalis uniens,' so that the endolymph is continuous in 
both those cavities ; at the other end, towards the apex of the 
cochlea, it terminates in a blind extremity fixed to the wall of the 
cupola, partly bounding the helicotrema. 
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Orgiui of Oortl. — ^In ibis 'canalis coeU^uris,* refltbig on the 
' membrana basilaris/ are two rows of cells (fig. 89 O.C.% an outer 
and an inner, leaning towards each other, so that there is a tonnd 
(T.G.) formed between them. They are covered, bat only partially, 
by a membrane (membrana teetoria) attached to the edge of the 
bony lamina spiralis. Their siiignlar characters and very com- 
plicated appendages are subjects too minute to be described here.*" 

Frobalile Vfta of tlie Orraa of OoitL^This organ is 
arranged on the principle of the chords or notes of a musical in- 
strument, so that different sets of certain fine appendages to its 
cells may vibrate in accordance with different kinds of vibratiims 
transmitted firom without to the labyrinth. As they ocHnmunicate 
with nerves, these differences can thus make an impression on 
the brain. Hence, by means of the organ of Gorti, we can distiii- 
guish musical notes and the refinements of tone in delicate 
sounds, the remaining portions of the labyrinth being 
for ordinary hearing. 
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NOTES. 



1. Dr. Stark, ' £din. Med. and Surg. Jour./ April 1845 ; N^laton, ' Elements 
de Pathologie/ vol. i. p. 630. 

2. Berzeliu8*8 ' Analysis of Bone/ 

3. Dr. Bostock's ' Analysis of Rickety Bones.' 

4. Liebig 8 ' Letters on Chemistry/ p. 522. 

5. Gregory's ' Mechanics,' vol. i. c. 5. 

6. Bishop ' On Deformities/ 1852, p. 14. 

7. ' Outlines of Osteology,' p. 368. T. Ward. 

8. * Lectures on Surgical Pathology.' Sir J. Paget, F.RS. 

9. Curling, ' Medico-Chir. Trans.' vol. xx. 

10. Cruikshank, * Anatomy of the Absorbent Vessels,' 1790, p. 198. 

11. Budge, ' Archiv f. Microec. Anatomie,' bd. 13. 

12. Dr. Clopton Havers, an English physician of the seventeenth century, 
was the first to describe these canals. 

13. From a preparation in the museum at St. Bartholomew's Hospital. 

14. Discovered by Mr, Queckett. 

15. * Philosoph. Trans.,' 1853. Messrs. Tomes and De Morgan. 

16. First described by Domenico Gagliardi, Professor of Medicine at Home 
in the seventeenth century. Anatomie Ossium novis inventis illustrata. Komad, 
1689, in 8vo. 

17. Mr. Queckett. 

18. Mr. Bransby Cooper. 

19. See ' Catalogue of Histological Series,' Mus. Roy. OolL Surg., voL i. 
plate viii. fig. 11. 

20. ' Philosoph. Trans.' for 1736, vol zxzix. 

21. Stanley, ' Diseases of the Bones/ p. 108. 

22. ' Callus ' is the term applied by the old surgeons to the materialB by 
which fractures are repaired. 

23. The term ' sinus ' is used very vaguely in anatomy. It means, generally, 
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tlie lioUow of tnything. Thus the aar-oavities in the bones of the hetd «» 
tanned ' rimues.' When need in raferanoe to the hnin^a <ainna' maaiM a 
channel fanned hj the fihrooa memhnuie (dora mater) of the himin, fo the^ 
letom of its yenoos blood. 

d4. In some skulls there aie no 'posterior condyloid foramina.' In fiffy 
akulls which I hare examined I find them more frequenUj present than abseot* 
Either the right or the left foramen may be absent. 

25. < ffistoire de r AcadAnie des Seienoss,' 1708, 1788. 

28. Blnmenbach. 

S7. Hyra, * Topog. Anatomie.' 
38. ProibsBor Owen. 

29. On this sabjeet see an excellent work by Ammani ' DeLoqueii,' wilttea 
in 1700. 

80. Guthrie, * Commentaries on Surgery/ 6th edition, p. 874. 

81. Dr. Leach and others, who have examined the immense coUeetioii of 
crania in the Catacombs at Paris, hare remarked that the munbar of adnh 
skulls in which the frontal suture remained unobliterated waa about one in 
eleven. 

82. ' Aural Surgery,' p. 179. Mr. Wilde. 

88. Fallopius was a distinguished Italian anatomist, bom 1628, died 1G6S. 

84. Arnold's nerve is the auricular branch of the pneumogastric ; Jacob* 
son's nerve is the ^rmpanie branch of the glosso-pharyngeal. 

85. This name was given to it by Galen, who thought that it secreted the 
' pituita/ or mucus, and that this passed down into the throat through the 
small foramina which are often found at the bottom of the fossa (' De usu 
partium/ lib. ix. cap. 1). Its functions are not even yet understood ; it is gene- 
rally classed as a * ductless * or ' vascular gland/ along with the spleen and 
thjrroid body. 

30. Vidus Vidius was a professor at Paris, and physician to Fran^ob L 

37. In some skulls, in which the malar bone does not enter into the compo- 
sition of the spbeno-mazillary fissure, the sphenoid meets the superior maxillaiy 
bone. In such exceptional skulls the sphenoid would be connected with seven 
bones of the face. 

38. The comua sphenoidalia begin to ossify about the time of birth, and do 
not unite to the body of the bone till the age of puberty. The internal ptery- 
goid plates are developed from membrane, and begin to ossify about the fourth 
month. For full information on the development of the sphenoid bone, see 
Meckel's * Archiv,' B. 1, and Quain's ' Anatomy,' 8th edition. 

39. The ' unciform process ' is almost always broken in taking the skull to 
pieces ; but it is evident enough in a good section of the nasal cavities. 

40. Blandin ('Anat. Topog.' p. 44) relates a case in which a tumour, 
originating in the antrum, made its way into the zygonmtic fossa, and caused a 
swelling in the temple. 
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41. Sometimes there are two openings, separated by the thin plate (unci- 
form process) which descends from the ethmoid bone. 

42. Nathaniel Highmore was an English anatomist, bom 1613, died 1684^ 
who wrote much about the diseases of the antrum. He did not discover the 
antrum, for it was known to Galen as the ^ sinus maxillaris.' 

43. ' Ck>mmentarie8/ p. 528. Guthrie. 

44 ' Anatomie Ohirurgicale.' Mr. Jarjavay. 

46. See a curious case by Catlin, ' Trans. Odontolog. Soc' vol. ii. 1867. 

46. Drake*s 'System of Anatomy/ 8vo. 1707. 

47. * The Teeth a test of Age,' in a pamphlet by Edwin Saunders, 1837. 

48. ' DenUl Anatomy,' p. 179. Tomes, 1876. 

49. These ' incisor ' foramina are sometimes called the foramina of ' Scarpa. 

60. These lateral foramina are sometimes called the foramina of ' Stenson.' 
The description in the text concerning the anterior palatine canals applies to 
twenty out of forty skulls examined. Their disposition, in other cases, is ven- 
apt to vary, both as to number and size. It was Scarpa ('Annot. Anatom.* 
lib. ii. p. 76) who first pointed out the varieties in these canals. In many 
instances one of the canals is absent ; or, if present, not pervious throughout. 
For a more complete explanation of this question, see Quain's * Anatomy.' 

61. This part, in man, was first pointed out by the poet Goethe. 

62. For the most recent investigations concerning the 'Formation and 
Early Growth of the Bones of the Human Face,' see a very interesting and 
elaborate paper by Mr. G. W. Oallender in the ' Philosoph. Trans.' for 1869. 

63. From an examination of manv skulls, I find that the malar bone is 
excluded from the spheno-maxillary fissure more frequently than is generally 
supposed. This exclusion is effected in one of two ways ; either by the im- 
mediate junction of the superior maxillary and sphenoid bones, or by the inter- 
position of a little ' Wormian ' bone just at the angle of the fissure. 

64. Jarjavay, ' Anatomie Ohir.' t. ii. p. 61. 

66. For a lucid and elaborate account of the development of the jaws and 
the teeth see ' Manual of Dental Anatomy,' by C. S. Tomes, M. A. 1876. 

66. Skilful as he was, Hippocrates once mistook a natural suture of the 
skull for a fracture, and was afterwards so ingenuous as to leave his mistake on 
record. On this, Oelsus observes : * A suturis se deceptum esse Hippocrates 
memoriae prodidit, more scilicet magnorum virorum, et fiduciam niagnarum 
rerum habentium. Nam levia ingenia, quia nihil habent, nihil sibi detrahunt : 
magno ingenio, multaque nihilominus habituro, convenit etiam simplex veri 
erroris confessio ; prsecipu^ue in eo ministerio quod utilitatis caus& posteris 
traditur ne qu decipiantur eadem ratione, qua quis antS deceptus est.' (Liber 
viii. cap. iv.) 

67. Broca, ' Ost^logie du Crane,' 1876. 

68. The old anatomists call this the ' additamentum suturse lambdoidalis. 
This old name as well as others mentioned in the text e.g. ' coronal, ' sagittal," 
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and ' lambdoid/ are gradually falling into diBuse, and giving place to more 
appropriate terms, derived from the bones connected, as 'inter-parietal/ 
* fronto-parietal/ etc. 

o9. So called after Olaua Wormius, a physician of Ck>penhRg-eDy to whom 

the first description of these ' complementary ' bones has been assigiied, ^bat 

erroneously : they were known to Eustachius and Paracelsus. 

(50. * Prognathous ' signifies * with prominent jaws.' 

61. These bodies are developed from the * arachnoid' or serous membrane 
investing the brain, beneath the * dura mater/ which they perforate, and thus 
come to press inunediately on the bony vault of the skull. Ftde Quain's 
' Anatomy/ vol. ii. p. 576, 8th edition. 

62. * Thalia/ xii. 

63. Except in cases where the sphenoid and superior maxillary come into 
contact, and exclude the malar. (See note, 37.) 

64. ' Euterpe,' chap. 86, 87, 88. 

65. Guthrie, ' Conunentaries,' Lecture xviii. 

66. See Erichsen, ' Science and Art of Surgery.' 

67. Craniology is nothing new. An Italian poet in the age of Dante 
writes: — 

Nel Capo son tre celle, 

Et io diro di quelle, 

Davanti h lo inteUetto 

E la forza d' apprendere ; 

In messo h la ragione 

E la discrezione, 

Che sceme buono e male. 

Indief.ro sta con gloria 

La valente memoria, etc. etc. 

G8. PVoriep (' Cbarakteristik des Kopfes/ Berlin, 1845) gives tables showing 
the relative ^dze of the cranium and face in infancy, childhood, and adult age. 
They go to prove that the base of the skull, and the face, as contrasted with the 
•capacity of the cranium, increase from infancy to old age. 

69. Cuvier, ' Rechercbcs sur les ossemeus fossiles,' 1822, voL ii. p. 231. 

70. < Traits des Malad. Chir.' t. iv. c. iv. 

71. See a case of this kind, with a drawing, in ' Med.-Ohir. Trans.' voL xxxi., 
by Sir James Paget. 

72. * Natural Theology.' Paley. 

73. The inferior tubercles are alluded to by Monro, * Anatomy of the 
Human Bones/ 1726; also by Soemmering, ' De Corp. Human. Fabrica,' 8vo. 
1794. Tlie superior as well as the inferior tubercles are developed as little 
epiphyses with distinct centres of ossification, and unite to the rest of the 
vertebrae about the twenty-fifth year. 
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74. Rollin and Magendie make it sixteen times stronger. 

75. It is not easy to say why this was called the ' sacred bone * {Up6u 
6aT€ov). The reason generally assigned is, that it was the part used in sacri- 
fices. The following is another : — It appears the Jewish Rabbis entertained a 
notion that this part of the skeleton, which they call the ' luz/ would redst 
decay, and become the germ from which the body would be raised. Hence 

Butler has it — 

' The learned Rabbins of the Jews, 

Write there's a bone, which they call " Luz," 

I' the nunp of man, of such a virtue 

No force in nature can do hurt to : 

Therefore at the last great day 

All th* other members shall, they say, 

Spring out of this, as from a seed 

All sorts of vegetals proceed ; 

From whence the learned sons of art 

" Os sacrum " justly call that part.' 

HxTDiBRAS, part iii. cant. ii. 

76. It is not uncommon to meet with six sacral vertebrae. Sometimes there 
are but four. The first sacral may be detached from the lower sacral vertebne. 
Again, the last lumbar may be anchylosed to the sacrum by its body, or to the 
ilium by one or both of its transverse processes. This last condition is frequent 
among the higher monkeys. 

77. Br. Ramsbotham*s ' Principles and Practice of Obstetric Medicine and 
Surgery,' 6th edition, p. 9. 

78. The ridge between the origin of the gluteus medius and the iliac origin 
of the gluteus maxim us is called the ' superior curved line ' by some anatomists *,. 
then, our ' superior * is their ' middle.' Authors differ about the names of these 
' lines,' but agree about their existence. 

79. Some authors state the reverse. But Albinus (' De Sceleto ') says truly r 
' Sacrum feminis latins, per longitudinem rectius, infra non seque incurvatum 
in priora.* 

80. In his lectures ' On the Comparative Anatomy of Man,' 1877, Professor 
Flower gives 61° as the mean subpubic angle in men, 80° in women. 

81. The brothers Weber, ' Mechanik der mensch. Qehwerk.,' Gott. 1836. 

82. See * Medical and Surgical Landmarks,' by the Author, Srd edition,. 
1881. 

88. These 'linete asper®* are nothing more than partial ossifications of the 
tendons inserted there. A very rough ' linea aspeia ' is a character of age. It 
puts one in mind of the ' bone tendons ' which one sees in the regular anatomy 
of birds. 

84. Concerning the bearing of Osteogeny on forensic medicine, see ' M^edne 
legale,' by M. Orfila. 

86. There is, however, room for two opinions on the question ; some calling 
the foot a lever of the first order. 
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87. ThcH) fiijcU BK tonetimca jcnued k) u U fonn • vertic*! Umu- ntrfioe, 
liut (t*^«rkaj tba upper ue «trpat«ted from the lower b;^ a gap tar the ixttt- 
usaeoiu li);iun<>-iit. 

Hf. Wp ire iiulebud for this outline I« Mr. KmeIc;, late AssaMftot-Detnon- 
■trtMr of Aiuiiouiy at St. Bartbol<Lim«w~a Hospital 

$0. For fnrthiir practical lumarks «d tbu (ubject, see ' AdsUhdj and Soigeij 
of Till! Uuiii&n FiMt,' by J. IXancock, 1873. 

00. Prufeosoi Fluwcr, F.R.S., ' Fuhjon in Defomdn-,' p. 67 ; bIm ProfeMor 
Manhall. F.ft^t., ' .Annlomj for Artiels,' p. 45. 

01. EiMplioM W this riJe are IreqaeQl. Tbore may be two, thi«e, or more 
ceotn?* fur the first boop; and, insl^ad of a. aiDjile Motre, any of the other 
piectM mav bait two, placed aide by nde. The etemuia ia formed ia cartilage 
along the line wheiv Ilie ' ventral kminie ' of fcatly embrj-onic life units. 
Partial failure of thi* union accounls for the lonjritudiual deft occaaioiiallj aaen 
b the b.:Kly of tlis humaD «l«niun] ; and fb-j appearaace of irixmietrical pointii 
of ci«tificntion ie explained in the same manner. 

92, Tht! uucleus at the margin of the gleuuid ca»itj i« doi to bn n^aidn) 
as an epipbj»iti, but onlj an occMionallv present aeale, like those soiuetimM 
found oo the corawiid and having no mtirpb-ibigicBl buaring, and acaroely nortliT 
of notice. Prcfessorllumphrv, F.R.S. 

iJ3. On the aupra-condyloid foramiHi read Ilyrll. ' Topogr. Anat.' toL a. p, 
283; also Oruber, 'CsnalissupmCondvloideuEhuiueri.'Mem.derAcad. liup.de 
St. Pett-raljourg, ItlfiO, p. 57 ; and Pi-olV-fwor Struthfra. ' Edin. Med. Jour.' lS4e. 

M. The radius of the skeleton of the gorilla in tbe Mnaeum of tbe CoDefn 
of Surgeons is extremely arched. The power of his arms ia eDannoua, 

95. So called from its fancied resemblance to the letter Sigma, irhich the 
Oreeks originally used in the form of the English C. 

96. Very often the coroooid procest gives origin to a second bead of the 
flexor longus pollicis. 

97. Mr. Liston, ' Practical Suigery.' 

98. It is not uncommon to find that some of the fibres of the ' extensor 
primi intemodii pollids ' arise fVom the ulna. 

99. Mr. Lockwood, Demonstrator of Anatomy at St Bartholomew's 
Hospital. 

100. To the rule stated there are certainly exceptions. I have seen pre- 
parations clearly showing separate epiphyses at the bases of the metacarpal 
bones of the fore and middle fingers. I have also seen a separate epiphjaa at 
the head of the metacarpal bone of the tliumb. Whether these additiowl 
epiphyses be normal or exceptional, they always unite the firat to the shaf^ in 
accordance with the direction of the artery of the marrow, which in the meta- 
carpal of the thumb runs towards the bead, in those of the fingers towards the 
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101. The centre of ofisification in the shaft of every long bone appears in its 
tniddle, excepting in the case of the ungual phalanges, which commence to 
ossify at their distal ends. 

102. If we considered the adductor pollicis as a palmar interosseous mnsclCi 
there would he four palmar and four dorsal, all supplied by the ulnar nerve. 

103. ' The Handy its Mechanism and Vital Endowments, as Evincing Design. 
London, 1834, by Sir Oharles Bell, F.R.S. 

lOi. Quintilian. 

105. Certain muscular fibres in the aryteno-epiglottidean folds of mucous 
membrane assist the * arytenoideus ' and the ' crico-ary tenoidei laterales * in 
closing the glottis. All these little muscles together form, as Henle has shown, 
a ' sphincter ' of the glottis, a highly developed and complicated homologue of 
the single and simple sphincter muscle which embraces the entrance of the 
larynx in reptiles. 

106. Wilde, ' Aural Surgery,' p. 178. 

107. Graves's ' Clinical Medicine,' vol. i. 

108. 'Edinburgh Monthly Journal,' No. III.; 'Edinb. Med. and Surg. 
Journal,' No. CXV. p. 319. 

109. ' Beitrage zur Anatomie des Steigbiigels,' Archiv fUr Ohrenheilkunde, 
voL v. EyseD. 

110. For details concerning the minute structure of the vestibule and the 
connection of the otoliths with certain hair-like bodies belonging to the nerve- 
tilaments, see Dr. Urban Pritchard's paper on ' The Termination of the Nerves 
in the Vestibule and Semicircular Canals of Mammals.' — ' Quarterly Journal of 
Microscopic Science,' October 1870. 

111. Corti's original paper in Siebold and Kollikers 'Zeitsch. f. Wissensch. 
Zoologie,' vol. iii. 
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Diploe 11,99 
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Ductus cochlearis 294 



EAR, anatomy of 276 
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Ensi form cartilage 207 

Epiglottis 269 

Epipteric bone 62 

EUimoid bone 71 
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„ „ posterior 73 

notch 50 
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FCE, boms of 76 

Facial angle 124 
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Femur 166 

Fenestra ovalis 277, 282 
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Fibula 180 

First rib 211 

Fissura Glaseri 54 

Fissure, Glaserian 283 

sphenoidal 67, 117 

spheno-maxillary 117 
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as a whole 199 

bones of 184 

lever of second order 185 

mechanism in walking 201 

Foramen ca'oum 48 

chordae 283 
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nium 163 
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Inspiration, mechanism of 213 
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Ischium 157 



JAW, buttresses of upper 123 

Jaw, joint of. 100 

Jaw-bone, lower 96 

„ upper 76 
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spiralis ossea 278, 290 

Larynx 266 

Layers of bone 8 
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„ surgical 232 
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Nerves in bone 12 

Neuralgia of bone 13 

Nose, meattis of 119 
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septum of 120 

Notch of acetabulum 159 

intercondyloid 172 
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Notches in sternum 206 
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Optic foramen 67 
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Orbital wings of sphenoid 66 

Orbita 115 

Organ of Corti 296 

Origin of muscles 38 

Os calcis 188 

Os hyoides 264 
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Os planum 73 

Os unguis ^ 89 
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Palate bone 90 

Parietal bone 42 
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axes of 164 

brim of the 153 

diameters of 164 

lever of first order 161 
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sexual differences of 165 
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value of. 34 
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hamular 69 

lachrymal 94 

malar 83 

mastoid 55 
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vaginal 66 
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Pterygo-palatine canal 66 

Pubes 156 

Pyramid 283 



>> 



If 



EADIUS 237 

Radius, rotation of 238 

Repair of fractures 35 

Ribs, general characters of 209 

Rickety bones 4 



8P0 

PAfil 
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condyloid of humerus 233 
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„ of tarsus 191 
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Semicircular canals 278,289 
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Septum of nose 120 
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lateral 109 
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Skeleton, general survey of. 260 

Skull as a whole 102 

base of 107 
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buttresses of 122 
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power of resisting shocks 123 

sexual differences 124 

tables of. 121 
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process 92 
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ethmoidal 63 

extent of motion of 140 
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of scapula 225 
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Stature of indiyidoal 33 

Sternum 206 

Styloid process of radios 239 

,, of ulna 244 

Superciliary ridge 46 

Superior maxillfiuy bone 76 

Surgical neck of humerus 232 

Suture, basilar 64 

coronal 50 

zygomatic 61 

Sutures of skull 102 

Symphysis of lower jaw 96 

pubis 156 

sacro-iliac 148, 154 



TABLES of skuU 121 

Tarsus, bones of 184 

Tarsus, tunnel of 187 

Teeth 79 

fangs of. 80 

milk 79 

of lower jaw 97 

of upper jaw 80 

permanent 80 

sockets of 80 

Temporal bone 52 

mastoid portion of . . . 55 

petrous portion of ... 55 

squamous portion of.. 53 

Tendooculi 82 

Thorax as a whole 213 

general description of 205 

Thyroid cartilage 266 

Tibia 176 

Toes, relative leuffth of 202 

Torcular Herophili 41 

Trapezium 250 

Trochanters, major and minor 169 

Tubercle of radius 238 
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„ lesser 231 

of tibia 176 

Tuberosity of ischium 158 

Tunnel of tarsus 187 

Turbinated bones 73 

bone, sphenoidal 64 

Tympanum 276 



ULNA 241 
Unciform bone 251 

Unciform process 74 

Upper extremity, bones of 222 

Utricle 293 



VAGINAL processes 66 

Ventricles of larynx 271 

Vertebra, constituent parts of. 128 

Vertebrae, cervical 130 

coccygeal 150 

dorsal 135 

lumbar 136 

sacral 146 

Vertebral canal 143 

colunm 128, 139 

shape of 141 

strength of 139 

groove 142 

Vestibule 277, 288 

Vidian canal 69 

Vocal cords 270 

Vomer 94 
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